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are just some of the tools now being used by 
sientists seeking to understand the workings | 
of our brains and how to influence them. Few 
people know of the recent giant strides for- 
ward in this field, yet their effects may be 
ore momentous than any other development | 
f our century. Indeed, the future course of 
the human race may well ak in the hands of — 


‘THE BRAIN CHANGERS 


No area’ of scientific research has more 

rofound and disturbing implications. . . « 

The Brain Changers is a fascinating ex- 
ploration eee imaginative, thought-provok- 

g and very readable.” 

—Senator Walter Frederick Mondale ~ 


“No one until now has brought the separate 
areas of brain research together so compre- 
hensively and lucidly. No one before has 
provided such exquisite balance between 
the promises and the Lomas of interven- 
i to the mind.” 
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he most exciting and mysterious part of the universe is 
ome primitive jungle or the ocean’s floor or even a 
nt planet. It is the magical three and a half pounds of — 
h-gray jelly we carry around inside our skulls—the — 
n brain. This mechanism, the source of all our 
hts and actions, is at the center of a scientific ex- 
sion. Biologists, chemists, psychologists, surgeons, even — 
eers, are converging on it from every point on the 
ntific spectrum, and what these brain researchers may 
“us about its workings will have a profound effect on 
e future of human life. We will have the power to use 
rains more effectively, to control our own brain 
, to improve our memories, to shape babies’ brains, 
fo sharpen or suppress various emotions—in ourselves — 
in others. One can only guess what this power may 
in the future, or how it might be used, but now the 
r directions of research are clear. This book is a re- 


all extremely néw. The brain itself has been studied 
s than a century. Encased in its thick armor of skull, 
convoluted mass defied analysis. For thousands of 
rs, few tried, and those who did attempt to explore it 
metimes took one look and gave up in despair. Aristotle, 
father of psychology,” taught that the brain was 
ooling mechanism for the blood, while all the 
1g went on in the heart. Even after Galen cor- 
d this error, there were no adequate tools with which 
vestigate the brain. When the invention of the micro- 
> and the discovery of electricity at last made it pos- 
aes edt 


ee 


tists refrained from violating the human Seti outs 
respect for it as the seat of man’s immortal soul. 

Even today, despite broad progress, researchers remain 
totally ignorant about how the brain performs its. basic 
job: how it transforms 10 watts of electricity and some — 
chemicals into our thoughts, feelings, dreams, mem- 
ories—our awareness of being ourselves. It is beyond un- 
derstanding. But despite their ignorance, scientists have 
identified several sensitive triggers or control points in the 
brain, largely through trial and error, and in the past 
twenty years, they have made astonishing practical prog- . 
ress in controlling various brain functions. They are now 
approaching the point, for the first time, where they will 
‘know-how to change not only our moods, but also our — 
abilities and to some extent our behavior. 

As a nation, we are turning inward. Through drug: 
meditation, alpha training, and other means, more people 
than ever before are trying to change their mental func- — 
tions. We consume more narcotics, tranquilizers, stimu- 
lants, and sleeping pills than all the preceding Americ 
generations combined. But much of this activity is hapha: 
ard or pointless, if not downright harmful, and through 
all we have only the vaguest notions of how such invasions 
really affect our brains. 

To find out what has been learned about these and 
other kinds of brain manipulations, I spent two years visit- 
ing research laboratories in various parts of the countr 
‘reading hundreds of reports, and interviewing some of the — 
scientists who are doing the most exciting work on the — 
brain. For a journalist, it was a mind-boggling whirl. The 
brain is now being investigated from every imaginable 
point of view. It has attracted scientists from the widest — 
variety of backgrounds. Some study behavior, others study — 
particles under a microscope. Some see emotions or brig’ 
colors where others see ‘only cells. Some spend their live 
next to rows of fetid caged rats, or experimenting with _ 
screeching monkeys. Others try to put dying people in a — 
trance. From many different disciplines, each contribut 
his special vocabulary and jargon. Sometimes they h 
trouble communicating with each other. Often they di 
agree—at times quite violently—and sometimes they ev 
disagree with what they themselves had said only a f 
years before. | 
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Since I could not begin to do justice to a field so vast, 


so complicated, so difficult, and in which everything was 
-moving so rapidly, I decided to pick a few areas that 


seemed particularly interesting or significant and report 


only on those, going whenever possible to the original 
' sources—the living, breathing, and usually controversial 


pioneers themselves. : 
Among the researchers who studied the brain as a 


_ whole, I was struck by the Berkeley team that first came 
' up with evidence that the brain changes with experience. 


The team of Krech, Rosenzweig, Bennett, and Diamond 


_ discovered that when rats are given many challenging toys 


to play with and problems to solve, their brains actually 
become heavier, thicker, and richer. Probably the human 


zs! brain changes in similar ways, and eventually we may 
_ learn what kind-of experience produces the most desirable 
- changes. 


Another fascinating line of research involves the differ- 


"ent talents of our left and right hemispheres—the two 


equal halves of our brains, which, in most people, perform 


unequally. Roger Sperry, of the California Institute of 
~ Technology, and his associates have begun to sort out 
_ these special talents. Some of us are dominated by our 
~ left, and others by our right hemispheres. These two en- 
_ tirely different orientations can now to some extent be 


measured, and perhaps changed. 
With the help of computers to unscramble the electrical 


language of our brains, other scientists are studying the 


swift changes in our states of consciousness—the Zen-like 
calm associated with our slower brain waves, the furious 
activity of our dreams, and how we can learn to produce 


_ different kinds of brain rhythms at will. 


Probably the largest group of all is trying to solve the 


- mystery of how we learn and how we remember. Here 
' again there are those who investigate the phenomenon as 
a whole—the broken memory of a forty-seven-year-old 
"man after a brain operation, for instance, or the behavior 


of experimental animals whose memory of what they have 


_ just learned can be either sharpened or wiped out. But 
many scientists believe that the key to memory lies some- 
| where in the mechanism of individual nerve cells.. To 

Teach it, one must go back to ever smaller components of 
_ the brain. 


In the 1950’s, several technological advances combined 
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to allow scientists to understand: how mmesenees flow from 
nerve cell to’ nerve cell, and how to interfere with them. — 
The human brain has roughly ten billion nerve cells, or 3 
neurons. Each has a gray ‘cell body from which a rela- 
tively long white fiber (the axon) protrudes at one end to 
make contact with other cells, while a profusion of branch- | 
like fibers (dendrites) at the other end receives perhaps — 
thousands of similar contacts from other axons. Thanks 0 
the electron microscope, it became clear that the fibers of z 
two separate neurons never actually touch: there is always a 
an ultrafine gap at their junction, or synapse. When a neu- — 
ron fires, an electrical impulse travels down the axon. The 
impulse releases a chemical transmitter that floats aCTOSs — 
the tiny gap between the cells, producing an electrical s 
reaction on the other side. If this reaction is stron 
enough, it causes the next cell to fire, and the sei iy x 
starts all over again. 
By stimulating nerve cells with a very mild electric cur 
rent, researchers can reproduce natural nerve impulses. In 
certain parts of the brain this may produce exactly the 
same effect—the movement of a hand, for instance—as if 
the person had actually willed it, or a “real” sensation. But — 
until synapses were better understood it was not clear why 
similar results could be produced chemically. In recent 
- years, scientists have learned a great deal about some o ie 
the brain’s neurotransmitters, though many more remain. be 
unknown. They are discovering that depressions or ela- — 
tions can sometimes be traced to the sluggishness or spee 1 
with which nerve cells release certain transmitters, They 
are finding out that many mood-changing drugs act by 
mimicking these transmitters. At the same time, they are” 
beginning to decipher which chemicals are involved i in the 
learning process, and what roles the various chemicals — 
play. The search for the key to learning has drawn some 
of the world’s most enterprising scientists. In its present 4 
frenzy it reminds researchers of the race to split the atom ~ 
or to crack the genetic code. 
The part of the brain that has aroused most scientific. 
curiosity so far is the cerebral cortex—the wrinkled sheets 
of gray matter on the surface of the brain. The cortex — 
forms the outer layer of the two bulging hemispheres that 
dominate man’s brain and that are the most recent prod-— 
ucts of evolution. In the frog, these can barely be i 
tinguished from other bumps on the central brain ein is 


2y continue to expand as one goes up the evolution- : 
der, until, in man, they take up five-sixths of the 
al brain mass. They balloon forward, sideways, and 
ickward, covering and hiding nearly all the old brain | 
low. The cortex looks as if it had been stuffed, folded, _ 
21 id then pushed in again to gain more space in the skull; 
1 fact, this may well be what happened, since its convo- ae 
ns triple its surface area. Not only is this the most 

sible brain area; it is also the most distinctly human. 

t of our thinking, planning, language, imagination, _ z 


Tr is often the unwitting partner of research. Earlier re- 

ers learned a great deal about the cerebral cortex 

the behavior of soldiers with head injuries and pa- 

s with brain tumors and other abnormalities. In addi- 

they used every possible means to investigate the 

of animals: they cut them, cooled them, burned out — 

ain sections and scooped out others, stimulated them 
electric current, extracted fluids, injected chemicals, 

osshatched them, spread cream inside them) or filled 

em with a variety of foreign objects, just to see what 

aad happen. 

By the end of World War II, brain scientists could tell 

; recisely what part of the cortex should be stimulated 

roduce an action of the arm or leg. They also knew 

where in his cortex a man would feel the sensation of a 

eeze on his hand. But they had precious little idea of © 

went on in the brain between such inputs and out- 


For this they needed more sophisticated tools: thinner © 
des, which became available in the 1950’s, new 
il staining techniques, microminiaturized equipment 
f all kinds, and especially computers to keep track of 
as happening. With this equipment, they could at 
spy on the activity, of individual cells in a living brain,’ 
-telate this activity to other events in the animal’s 
on. Drilling a hole through the creature’s skull, they 
roelectrodes into the soft grey matter—fine elec- 
es, some with tips a thousand times smaller than 


aiek necitic events. They learned, for instance, 
es about one hundred milliseconds for the orders 


16 THE BRAIN CHANGERS ; 
- from a single motor neuron in a monkey’s cortex to be 
translated into finger action. Be 

They have also shown that specific cells in the cortex of 
cats and monkeys preprocess information in incredibl 
specific ways. One cell involved in vision might fire only in — 
_ response to a bright line at a particular location and slope, — 

while another responds only to a line at a slightly different 


location and slope. The cells hold a sophisticated alphabet — 
for lines, corners, direction of movement, color contrast, 
and so on. Bi 


Motor Homunculus of Man ; 
The motor area in the right hemisphere, shown here, controls — 
actions of the left side of the body. Fingers and mouth take up 
more space; they require far more precise control than larger 
areas of the body, such as the legs and trunk. After Penfield 
and Rasmussen. Reprinted by permission of Lea & Febiger from 
Functional Neuroanatomy by-N. B. Everett, 6th edition, 1971. 


At least three-quarters of the human cortex has nothing © 
to do with such obvious functions as vision, hearing, touch, 
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or muscle movements, however. Much of it is taken up 

_ with mysterious activities generally lumped together under 

_ the name “associations.” These may be the key to the 

subtlety of the human brain, for we have many more such 
associative areas than do other primates. 


Motor area - 
— (gives directions for 


Sensory area 
(receives Information \ 
from body) 


(maintains physical equilibrium): 


The Cerebral Cortex 
(External view of left hemisphere) 


_ +> Just behind our forehead, for instance, our frontal lobes 
appear to be deeply involved in planning, in the formation 
of intentions and programs, and this the brain scientists are 
only beginning to investigate. It is one of the most exciting 

_ areas of brain research, for it touches so vitally on the dif- 
_ ference between one’s self and others—between our will 
| and acts that are forced upon us. At MIT, researchers 
| have found specific cells in a monkey’s frontal cortex that 
_ fire not before a specific eye movement, but during or just 
_ after it, much too soon to be bringing feedback from the 
eye muscles. The scientists believe they have found part of 
| the mechanism of intention. These cells apparently tell the 
’ monkey how it is doing with its plans—where its eyes are 

_ Moving, and what phase of its program is now in effect. 


Pra eee sS ay) 


Sey 
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Other MIT scientists have found that unless people or ani- © 


mals can exercise intentional control over their acts, they 
cannot learn. new motor skills. 
If the cortex represents our ego, the closest thing to our 


id is probably the hypothalamus, a small bundle of cells 


centrally located deep in the brain, near the top of the 


brain stem. This controls anger, joy, hunger, sex, fear, and 3 


other drives. The most sensational development in all | 
brain research was probably the discovery of pain and 


pleasure. “centers”—really circuits—in or near the hy- si 


Bere 
Ke 


pothalami of animals. Stimulation there could be used to — 


reward or punish any kind of behavior, even from a dis- 
tance. The two circuits are still very poorly understood, 


however—they have the unfortunate tendency to become - 


intertwined with each other or mixed up with others, so_ 
that the “pleasure” involved may turn out to be more like a 
compulsion. Yale University’s flamboyant José Delgado, 
one of the scientists who showed that brain pain could 


a 
eS 

make animals learn, and the California Institute of Tech- 2 
4 es 


Medial View of the Brain 


ee 
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nology’s cautious James Olds, who discovered the pleasure 
center, hold diametrically opposed views on what their find- 
ings might mean for mankind. 

All the older parts of our brain are now being studied 
with new attention. They all seem involved in our “out”? 
reactions, in the primitive emotions’ that are normally 

_ Modulated by the cortex. They contain many ancestral 
~ memories. 
- We still have brain structures in our heads much like 
those of the horse and the crocodile, says the National In- 
- Stitute of Mental Health’s Paul MacLean, a neurophysiolo- 
gist. Our old reptilian brain, which goes back more than 
_ 200 million years in evolution, still directs our mechanisms 
_ of courting, mating, finding home sites, and selecting lead- 
_ ers. It is responsible for many of our rituals. “I have a 
_ Toute by which I come to work which is pretty reptilian,” 
_ Says MacLean. “I just favor that way, because it seems 
more comfortable.” The gift some people have for commu- 
 hticating with animals—dquieting an excited dog, for in- 
* -stance—can also be traced to their reptilian brain. So can 
_ the mechanism for personal appeal: Eisenhower’s magne- 
__tism may have been largely reptilian. 
: On top of the oldest reptilian brain, which is mostly in 
the brain stem, the lower mammals built a sort of “think- 
ae: ing cap,” a primitive cortex that forms a border around 
__ the_brain stem and is called the limbic system. We still 
have that, too. “I can recognize some of my coworkers all 
_ the way down the hall, where I can barely see them, by 
_ the angle at which they move,” MacLean says. “It’s not 
~ My new cortex—my new cortex alone could never recog- 
_ hiize them. It’s limbic intuitiveness.” The limbic system 
 femains fundamentally the same in all mammals. It contin- 
- ues to do our smelling and tasting, feels what goes on in- 
_ side our bodies, is involved in memory, and plays a key 
__ fole in our emotions. ioe 
What with all these ancient creatures within, and the 
-, enormous new cortex that envelops them, how does the 
human brain decide anything? A generation ago, when the 
closest equivalent to the brain seemed to be a telephone 
_ System, scientists visualized a busy central switchboard 
_ with an operator who made all the decisions. This com- 
_ parison has fallen out of favor. The brain is neither as 
passive as a switchboard nor so clearly mechanical. _To- 
_ day’s scientists prefer to compare the brain to a general- 


4 sea mae ¥ ‘ ; ne ay age eaige) 
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purpose computer with several different eae and 
memory banks and some built-in (inborn) programs. ae 

Animals operate largely on built-in programs. In some © 
ways we do, too—for example, the entire chain of behav- 
ior in the sex act is preprogramed in our brains. But in ad- 
dition, we must learn a profusion of new programs in 
early childhood or later, and they are the basis of our cul- 
ture. Our decisions depend. very strongly on this cultural : 
conditioning. 

People have allowed themselves to be burned at the — 

stake and have murdered other human beings for purely 
ideological reasons. We are governed by a whole world of ~ 
abstractions that never affect other animals. Our large cor- | 
tex produces a complex interplay of associations, mem- io 
ories, and learned programs. Our forebrain, with its plan- — 

- ning areas, allows us to see the possible consequences of | 
our acts. What we will do in any circumstance is never 
simply the result of an electrical stimulus or a drop of © 
chemical. a 

This is why some researchers see definite limits to what — 
can be learned from the brains of animals, Those who : 

deal with the smallest units of the brain need not Worty — 

about this: a nerve impulse is a nerve impulse. Neurons, | 6 
transmitters, blood, and cerebrospinal fluid are pretty — 
much alike in rat and man. But for those who try to un- 
derstand learning, or the brain mechanisms which lead to a 
violence, the differences between the brains of animals and — 
men are far more significant. There are major differences 
in organization, complexity, and size, all leading to man’s — 
capacity for abstract thought, which is related to language. __ 

According to MIT linguist Noam Chomsky, man, and — 

only man, is born with a special competence for ane a 
In all cultures of the world, children learn to speak at ap- 
proximately the same age, as if this were built into their 
genes. All languages have the same “deep structures,” he 
says, and all children reinvent the rules of grammar for 
themselves. When a child says “throwed’” instead of — 
“threw,” this shows that he figured out how to make a 
past tense and applied this rule in an original way to form: 
a word he had never heard before. No animal’s brain has — 
the ability to do such a thing.. 

People whose religious convictions lead them to believe 

that there is an abrupt discontinuity between men and 2 
other creatures find Chomsky’s point of view congenial. — 
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Those who see man as just another form of life argue that 
all learning, including language, results from orderly se- 
~ quences of stimuli, responses, and rewards, no different in 

“nen than in animals. 
Until recently, Chomsky’s view was supported by the 
fact that all efforts to teach animals a language that went 
~ beyond a few simple signals had clearly failed. Even chim- 
" panzees, the smartest of the higher primates, could not 
learn to speak, despite years of intensive efforts by devot- 
ed people. But it now appears that the chimpanzees’ main 
_ problem was that they could not make the required 
~ sounds. Their vocal equipment is controlled by the emo- 
_ tional parts of their brains, so their screeches must remain 
_ involuntary. This does not mean, however, that they have 
- no linguistic ability. 

_ In 1966, psychologists Allen and Beatrice Gardner, of 
_ the University of Nevada, began to train a one-year-old 
~ female chimp, Washoe, in something that appeared more 
' suitable—American Sign Language, the language of deaf- 
~ mutes. Chimps obviously have plenty of manual dexterity. 
_ Within three years, they had taught Washoe over eighty 
- words; she began, as would any child, with “come” and 
__ “gimme.” Most surprising, the young chimp spontaneously. 
" made hundreds of word combinations of her own: “hurry 
open,” “listen dog,” “you me go there,” and others. By the 
time she was seven years old, she could use nearly two 
-~ hundred signs. She had certainly reached the first stage of 
~ baby talk. But it was not yet clear whether she had any 
concept of syntax—whether, for instance, she could make 
the distinction between “listen dog,” which she said when 
| she heard a dog ‘bark, and “dog listen,” should she ever 

_- want to express that thought. 
-* Washoe’s achievements soon became the subject of 
much argument. Throwing fuel into the fire, another ex- 
_perimenter began to communicate with a chimp through 
' plastic symbols. David Premack, of the University of Cali- 
fornia at Santa Barbara, originally wanted to find out how 
_ far a five-year-old chimp named Sarah could go intellectu- 
ally. He taught her about 130 words, each represented by 
“a colored plastic shape that clings to a magnetized board. 
To date, he has not been able to mark out the limits of 
her reasoning. Sarah uses her vocabulary to build original 
‘Sentences, and apparently can understand such concepts as 
“color of.” Having learned to associate the symbol for 
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“red” with an apple, and “green” with grapes, she can ap- 
ply-these symbols to totally unfamiliar objects. On one oc- — 
casion, she: was asked to pick the proper symbols to de- ~ 
scribe a real apple (red, round) from several alternatives, — 
did it correctly, and then was asked to describe the proper- _ 
ties of the symbol for “apple” (a blue triangle). Again she 
chose red and round—evidence, according to Premach, — 
’ “that the chimp thinks of the word not as its literal form — 
(blue plastic) but as the thing it represents (red apple).” 
He further suspects that chimps have an innate capacity — 
for language, similar to man’s. However, many linguists — 
disagree vehemently. They point out that Sarah has never — 
asked a question, and they refuse to call the chimp’s ac- 
tions true language. In their opinion, her performance can: 
be explained as a series of correct responses, learned much © 
as B. F. Skinner’s pigeons learn to play ping-pong through — 
careful programing and reinforcement. oe 
While these purely psychological arguments were going é 
on, two scientists at Boston City Hospital discovered a sort — 
of language lump in the human cortex—a slight but defi. 
nite enlargement in part of the left temporal lobe, next to 
an area known to be involved in language. This was strik- 
ing evidence of the asymmetry between the two hemis-— 
pheres of man’s brain. It had been known for more than a 
century that in most people only the left side of the brain 
controls speech. Damage in certain areas of the left hemis- — 
phere usually destroyed a person’s ability to speak nor- — 
mally, though similar damage in the right hemisphere left ee 
speech unimpaired. But these differences in function were 
hardly reflected in any physical differences until Norman ~ 
Geschwind and Walter Levitsky studied one hundred nor- — 
mal brains and noticed a visible enlargement on the left 
side in sixty-five of them. More recently, other researchers <A 
have found a similar asymmetry even in the brains of in- — 
fants who had died soon after birth. Though this evidence © 
is still preliminary, it tends to reinforce the notion of — 
man’s unique and inborn competence for language. - ae 
Nevertheless, some scientists question the entire concept © 
of the superiority of man’s brain. John Lilly, a neurophysi-' 
ologist and psychoanalyst who spent ten years studying the 
brains of dolphins, is convinced that their brains are supe-_ ; 
rior to ours. Dolphins can communicate far more informa- . 
tion through the: right and left blowholes in their noses” 
than we can communicate through our mouths, in the 


A 


cks. pe do this dale iidepeatieeint with. the 
Ss of their brains. In addition, they produce ul- 


far ahead of us in acoustic inputs and outputs that 
blem is not for us to learn how they speak, but for __ 
to learn how we speak,” says Lily. “They can slow 
n their frequencies; we can’t speed up and raise ours 
his well-equipped laboratory in the Virgin Islands, 
lly tried for years to teach some dolphins to speak En- o< 

He did get them to mimic a large number of sounds, _ 
pite the difference between their frequencies and ours. 
1 several occasions he also saw them train one another. 

ek after he had taught a dolphin to produce the _ 
ids for the numbers one to ten, for instance—a feat — 
at required a good deal of effort and practice from the 
imal—he discovered that the dolphin in the adjacent 
uld also count to ten. When he studied tapes of the 


id instances of systematic coaching. 
guage requires a critical brain size, says Lilly. There 
t be enough neurons to store, retrieve, and compose 
ords, The brains of humans reach-the minimum neces- 
ry size (700 grams) around six months of age. Among 
ammals, only dolphins, whales, and elephants have 
ugh brains; actually, their brains are often larger 
ours. Lilly failed to find a really practical way to — 
mmunicate with dolphins, however. He was working out — 
{ omputerized method of transforming their acoustic 
‘into three-dimensional pictures for men to see, 
e closed down his lab. He had become aware of the 
cal implications of his beliefs about dolphin intelli- 
, he explains. Once he realized how advanced the 
ns were, he could no longer oe a concentration 
or advanced beings.” 
ther or not we are superior to all other living crea- 
eS, there are clear dangers in applying to men’s brains 
hniaues that have been developed through work with 
secies. In 1935, the Portuguese physician Egas Mo- 
heard a report about a female chimpanzee whose vio- 
antrums had been relieved by a brain operation. This 
€ the idea of trying the same operation on human 
s—and so frontal IS were born. In the next 
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two decades, until tranquilizers replaced them, these muti- 
lating operations were performed on tens of thousands of 
mental patients to make them more manageable. The nerve - 
fibers running from their frontal lobes to the deeper, more & 
emotional parts of their brains were cut, blunting their 

minds. And although these patients did become less trou- ~ 
blesome—they seemed to have stopped caring about any- — 
thing—they also lost some of the very qualities that made 
them human: sensitivity, imagination, the ability to plan. 

Current brain research can easily lend itself to equally i 
hasty applications. Some scientists already advocate using — 
brain surgery or “peace pills” to deal with the problem of ~ 
violence. Although most brain researchers are totally op- 
posed to this suggestion, it is only one of many that can be 
expected as further knowledge about the brain pours out 
of the research labs. ie 

The technology that will allow all kinds of brain manip- 
ulation is now within reach. What we still lack—desper- 
ately—is a fuller understanding of the effects of such in- 
tervention. Though sheltered by the skull and cushioned by 
fluids, like an egg yolk in its shell, the brain remains ex- 
ceedingly vulnerable. Its delicacy and complexity inspire — 
enormous respect. As I progressed with this book I began 
to tremble when my children fell and hit their heads. 
Watching the evening news, I shuddered at the sight of 
police cracking the heads of demonstrators. I realized that 
everything we do and think leaves a permanent imprint on 
our brains. And I worried about possible misuse of the 
- Current research, 

Every advance in brain research leads to more questions 
about how, why, where, and when the new techniques 
- should be applied. Brain changes—and their regulation— 
will become increasingly controversial, increasingly an is- — 
sue for public debate. © a 


Few people had heard of Binsin forty years before the 
atomic bomb exploded over Hiroshima. The names of to- e 
day’s leading brain scientists are equally unknown, but by — 
the end of this century, and perhaps sooner, their work — 
will affect us as dramatically as Einstein’s obscure equa- 
tions, 


of the Brain 


strange electrical signals coming from his son’s brain. 
were weak, but clearly detectable when Berger past- 


, attached wires to them, and connected them to a 
mometer. Furthermore, they followed a _ regular 


e this regularity when he recorded the galvanome- 


‘other people, he noted that the rhythm broke whenever 

his subjects concentrated on arithmetic or other problems. 
st only did people’s brains emit signals, then, but these 
ignals were directly related to their state of mind. 


A decade later, however, there was a flurry of ex- 
ment when the eminent English physiologist Lord 

rian announced that he had confirmed Berger's findings. 
uddenly brain waves became a sort of fad throughout 
e. Some people hoped these waves would enable 
© read thoughts. Others expected to pick up distant 
waves on their own radio receivers—gadgets which 
Ives still seemed new and rather mysterious. 

‘ad soon ended, for neither the scientists’ expecta- 
‘nor the public’s could be fulfilled. With the limited 
ology available to researchers in the 1930's, the sig- 
rom the billions of cells in the brain proved almost 
ae 5 OS 
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Learning the Language 
24, an Austrian psychiatrist, Hans Berger, discov- _ 


thm—he called it the “alpha rhythm.” He could actu-— 


one paid much attention to Berger’s discovery at the- 


wo small pieces of silver foil on the fifteen-year-old’s _ : 


oscillations on a roll of paper. Later on, working with 
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impossible to unscramble. Their voltage was tiny—only BY 
few hundred-thousandths of a volt—and, even worse, the - 
squiggles of the brain-wave records (called elec- 
troencephalograms, or EEGs for short) all looked alike, 
at least in healthy people. They were “disappointingly — 
constant,” Adrian complained. EEGs seemed to vary only 
with disease. Little by little, the EEG pioneers turned to — 
medical applications. They used the waves to pinpoint — 
brain tumors, injuries, and other abnormalities, developin 
techniques that were of great value to surgeons, but learn: 
ing little about the activity of normal brains. Those wh 
persisted in trying to crack the language of the brain 
seemed to have reached a dead end. Years of hard work — 
produced few rewards, and several of these pioneers ar 
now embittered men who wish they had been born dec-— 
ades later, in time to study the brain’s chemistry rather 
than its electrical activity. = 
Yet they were right: the brain does speak a language ° 
its own, and what it says reveals the inner state of man 
Night and day the brain speaks, incessantly. When Des- 
cartes said, “I think, therefore I am,” he left out half of hi 
self. Actually, his brain never slept, even when “he” did; i 
went on speaking even when “he” was unconscious. Since — 
this chatter accompanied every breath he took, every eye- 
blink, every dream, every word, groan, or response to hea 
or cold, brain talk was the ultimate proof of his existence. 
The medical world has begun to recognize this fact. Th 
need for organs to transplant is imperative in medicine to- 
day. To make sure that no one is robbed of his kidney o 
heart while he is still alive, doctors must fix the precise 
moment of death. Nowadays the EEG is the final arbiter _ 
in such matters. When its spikes or waves flatten out to a 
straight line—as in the unforgettable scene in the movie 
2001]—the brain has stopped talking, and this is the ae 
Beyond these crude observations of noise versus silence 
we remain much like illiterate primitives when faced with 
the complex language of the brain. But at least an alph: 
bet exists, and scientists have begun to decipher some ker 
words. 
Their tools are high-speed digital computers, micromini- 
aturized electronic equipment, and new techniques mad 
possible by a combination of the two. “Looking at compli- 
cated waves with one’s eyes, one can’t see much,” explains 
Dr. John Hanley, a sandy-haired, British-born physicloay 


titute. “It’s like trying to study bacteria or vi- | 

ses without a microscope. With computers, we can bring ~ 

physiological microscope to bear on the EEG signal.” 

cently scientists in this lab have shown that by run- 

chimpanzee’s brain waves through a computer, they __ 

redict—within limited choices—what he will do next. 

can determine whether a cat in the training program 

ing its lessons efficiently, or failing to learn at all. — 

They can tell whether a person is calm or anxious, and 
whether certain questions shock him. They know whether _ 

person is really sleeping or pretending. They know when 

he is dreaming. 

_ They have learned all this by using their computers to 

alyze “evoked responses”—the responses of the brain to 

specific signals such as light, sound, or a problem to 

—rather than the meandering brain waves of people 

are at rest. This allows them to tie certain kinds of 

ses to certain situations and then recognize them 

henever they occur. In this way they are developing a 

le vocabulary of brain states. 

{ental telepathy, it was believed, would reveal a per- 

s intimate thoughts or ideas. These researchers are 

acing a new form of telepathy that does not deal with — 

1e content of thoughts. Instead, it is attuned to emotions, 

te tes such as sleep or semiconsciousness, and to subtle 
sgrees of arousal and certain preparations for action of 

yhich the subject may not even be aware. 

“Mental processes are rapid and changing,” says Dr. W. 

Ross Adey, director of the Space Biology Lab. “We want 

fo recognize states of consciousness that might last one sec- 

ond or less, as in rapid decision-making.” Other research- 

had given up trying to pinpoint such states because 

e large differences between subjects and because 0: 

cal difficulties. But Adey’s group attacked the prob- 

in a big way. Working with two hundred astronaut 

didates, the scientists sat them down in a Houston lab- 

oratory for one hour and gave them tests of perception 

arning interspersed with periods of quiet, while their 

waves were recorded from electrodes pasted at 

eigh different places on their heads. A high-speed 

computer then averaged the output from each of these 

1 locations, for each of fifty men, during more than 

specific situations. The result was a series of clearly 
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discernible patterns. For example, when the men were teste. 
ed for “auditory vigilance” and were told to listen for 
three tones that would ring in a row, their -brain-wave pat- 
terns were quite different from those seen during visual — 
tasks. “There is an ERG signature for each state,” Adey — . 
says. “Our study established for the first time that com- — 
mon factors clearly categorize EEG records in such a pop-— 5 
_ ulation fora series of specified behavioral states.” oa 
Adey is probably the most adventurous EEG researcher™ 
active today. A tall, bony man with sunken cheeks, h 
speaks very rapidly, with a British accent (he was born in — 
Australia), and he tackles problems of moon travel, brain — 
physiology, and undersea exploration with equal energy 
At times he sounds like an engineer, but actually he i 
both a surgeon and a professor of physiology. Members o 
his staff live in fear of his quick temper, yet they swear b 
him: when he’s great, they say, he’s really great—he’'ll d 
~ anything for you—and anyway, he’s usually right. 
His work has its detractors, however; at a Washington 
D.C., meeting of the American EEG Society, some old. 
line EEG’ers challenged Adey’s work. “These are very 
beautiful instrumental techniques,” declared the eminent ~ 
Dr. Reginald Bickford, professor of neurosciences at the 
University of California at San Diego. “I am impressed 
with the electronic data. There is a problem, however: thi 
incredible ability of muscles around the head to pull you 
leg. It’s hard enough to get a record that isn’t full of arti- 
facts, even in a laboratory. But when people are activated, — 
there are many changes of nuance in their muscles. You. 
can produce nice rhythmic waves with eye movements. — 
Chewing produces spike waves. And movements of the 
tongue—you don’t really know when people are moving — 
their tongue! I feel the computers have got ahead of our 
knowledge of the EEG. Short of cutting off people’ 
tongues and ripping out their eyeballs . . 
He was interrupted by Adey, who ‘marched up to thee 
microphone, “This isn’t even old wine in new bottles!” he 
told Bickford heatedly. “You present such remarks every 
year. Any scientific explanation to be valid must be bot L 
necessary and sufficient. Are artifacts so distorting that we 
cannot use the data? Every piece of data that goes into 
the computer has been carefully checked so artifacts are 
not significant.” - 2S ae 
Since no one is about to insert electrodes into the br ins 
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arni ine Lai e of the B 


st to settle this. point, it 


J signals 
a any confusing elements, With animals, however, 
’s group has achieved far more clear-cut results. It 


uding the hippocampus, which is involved in memory 
mputer and developed ways of foretelling whether an 
a mistake within the next few seconds. 

s a step beyond telepathy and into prophecy. : 


yace Biology Lab’s experiments with Jerry, a chimpanzee 
arned to play tick-tack-toe. Tick-tack-toe is a fairly 
ex game—children seldom learn to play it before 
ge of five, and among animals only chimpanzees are 


rain, but the team did not begin to study his EEGs 


-up exercise, it tried to tell from Jerry’s brain waves 
her he was merely watching the board to see what his 


of his own. These two states were quite different, 


racteristics. “This way we knew that we weren't just 
ying attention,” explains Dr. Hanley. Next the scien- 


‘ind leading to error. That is, they tried to tell 
ether the chimp was making the right or wrong decision. 
oid ambiguity, they ignored all the preliminary 
that came before he had a chance to complete a 


_chimp’s moves were rated “correct” only when he had 
portunity to complete a row and actually did so. “In- 
ct” meant that he had missed this opportunity by se- 
- the wrong panel. Again these distinctions became 
from Jerry’s brain-wave records alone. When he 
mistake, “it wasn’t inattention, since he did re- 
notes Hanley. “Maybe it was a very special kind 


planted electrodes well under the cortex of cats and 
panzees, placing them in several deep structures, in- — 


rning. Then it has analyzed the resulting EEGs on : 
nimal that has learned a certain skill will or will not 


is is the beginning of scientific mind reading—or per- Se 


after he had mastered the game. Then, as a sort of _ 


nent would do, or whether he was preparing to make - 


d out, and the team soon learned to recognize their. : 


s attempted to distinguish between two forms of prepa- | 
a for action: the kind leading to a correct move, and 


d all the times when Jerry did not respond at all. 


Ai 
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of inattention—we really don’t know. All we ve is that i 
_ his brain had to be in a certain condition for him to get it : 

right.” 
- Suppose a man were given several tasks to. do, all of. i 
them quite simple, and for some reason made an error on 
one of them—the situation would be the same. In all- 
likelihood, his mind would simply have strayed for a mo- — 
ment. Since the game was easy for Jerry, the chimp rarely BY 
made a mistake. When he did, however, the researchers — 
were surprised to find that all the parameters of his EEG 
showed more activity than before a correct move. This os 
was especially true of activity in the theta frequency (3 to’ ‘, 
7 cycles per second, as compared with the faster alpha — 
rhythm, which is between, 8 and 12 cycles per second) © 
from the thalamus, a central processing area at the top o 
the brain stem. “Perhaps,” muses Hanley, “it is easier to ~ 
do it right.” No one is quite sure yet how to interpret _ A 
these findings. 


The predictions were extremely reliable. After Jerry's” sd 
individual EEG pattern for correct or incorrect moves had — 
been established, his moves could be forecast accurately — 
99 percent of the time. His brain waves told the tale well — 
before he acted: usually the pattern was clear as “much: as 


Bx 


seventeen or eighteen seconds in advance. \ 
A margin of this kind confers,enormous powers of con. 
trol. This will become particularly obvious when scientist 
learn to make accurate predictions without opening up 
their subjects’ skulls—when they can get all the informa- 
tion they need from electrodes on the surface of the head. — Be 
(With present technology, EEGs from Jerry’s scalp al-— 
lowed accurate predictions of his moves only 70 percents 
of the time.) Then, armed with foreknowledge of a per- 
son’s mental state, teachers and controllers of all kinds _ 
will be able to judge intentions as well as deeds. 
By monitoring a pilot’s brain waves at critical times : 
for instance, one could vastly improve his performance, — 
He would be warned not to start some dangerous maneu- 
ver until his mental condition was just- right. This would — 
prevent the sort of “human error” that is responsible for 
so many accidents. In education, the precious seventeen or 
eighteen seconds’ leeway could help teachers to present — 
their material more efficiently, particularly in computer- 
ized instruction. It could give students a euphoric sense of 
brilliance as they pass all tests with glowing colors, thank 


f 


w form of. “effortless learning. * Supers: dha a 


to rephrase the question, switch to an easier problem, 


useful for children with learning difficulties. 


luring an epileptic seizure! Theréfore, there may be 


lay. Perhaps there are periodicities in our ability to 
n, just as there are periodicities in many body func- 


capitalize on them.” 


ible with this idea of sags lin on certain brain 
that people sone produce. They want to turn 


a Rochelle Gavalas, a young psychologist, stands 
ton startling plan to make aie produce differ- 


hich exist nevertheless. Conceivably, they could 
, interfere with, or enhance the weak electric activ- 
in our brains. Little is known about the effects of 
ry household current, which is generated at approx- 
y 60 cycles per second. But research on lower fre- 
icies is progressing rapidly. Dr. Gavalas and her asso- 
ave been studying the effects of very low frequency 
ycles per second. “We picked this frequency be- 
Sas to the upper range of the brain’s 


given a problem to do, and that his brain 
es sh wed he was about to make a mistake. A signal 
en alert the teacher or the computer. During the 

eighteen seconds, the computer would have plenty of 


op altogether. Errorless learning of this kind would — = 
inly reduce a student’s frustration and might be espe- 


re there optimal brain states for learning?” asks Han- __ 
Certainly there are suboptimal states—after a heavy 

for instance. As an extreme case, learning is diffi- 
states, too—but when? Though they may be very | 
g, they may occur more often during certain times — 


S, circadian rhythms. When we discover what they are, — 
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theta waves,” she explains. Theta waves oe the ose 
interesting and mysterious rhythms in the brain, have been | 
associated with memory and deep reverie as well as, para- 
doxically, anxiety. Dr. Gavalas wanted to find out whether © 
macaque monkeys would produce more or fewer theta 
waves of their own when their heads were placed in an~ 
electric field of theta frequency, and whether their behav- 
_ ior would also change. : 

First she implanted electrodes into the cortex and 
deeper brain structures of three pigtailed macaque mon- 
keys. Next she taught the monkeys to push a panel at 
five-second intervals—a period-of time which they had to 
determine for themselves. (For each correct response, 
they earned a squirt of apple juice.) When the monkeys 
were trained to perform regularly, she placed large metal ; : 
plates on both sides of their heads,- fifteen inches apar 
and sent a weak electric current between the plates. After 
a while, the monkeys began to respond more rapidly. They 4 
pushed the panel half a second sooner than before, as if — 
their reactions had accelerated or their sense of time had | 
changed. When experimenters in other labs exposed hu-— 
man beings to currents of equally low frequencies, they 
observed a similar speeding up. Why this should happen is 
not yet clear. Because the monkeys had implanted elec- 
trodes, however, Dr. Gavalas was able to see that there was 
a distinct increase in the theta waves coming from their 
hippocampus. This seemed to mirror the electric current | 
outside their heads. She finds this increased production of 
theta waves encouraging enough to ask, “Can one expedite 
learning by superimposing external electric fields?’ The 
answer will be yes, she believes. Someday, students may 
“turn on” with weak electric currents to improve their 
powers of learning. They may use specific frequencies for 
different goals—one frequency for committing things to. 
memory, perhaps, and others to achieve peak performance - 
in music, art, or mathematics, which presumably involve 
different brain structures and sees Kinds of | electric. 
activity. 
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the SS anxiety: for instance, or his aE LS ae 
the middle-class. culture on which most intelligence tests 
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are based. Any test that uses language must have a built-in 
bias, since language styles differ according to social class. 
Working on the theory that all people with normal 

vision are exposed to light in approximately the same way, 
regardless of their education or social class, a Canadian 
psychologist, Dr. John Ertl, recently devised a culture-free 
test of what he calls “neural efficiency.” This simply 
shows, on an EEG, how rapidly a person’s brain responds 
to a flash of light. As Dr. Ertl emphasizes, it does not 
measure intelligent behavior, but the underlying speed of 
“mental reactions on which all intelligence depends. Con- 
yersation, reading, writing, and rapport with.the examiner 
are all unnecessary—the subject just sits there, with elec- 
trodes pasted on his head, while a light flashes one hun- 
dred times at random and a computer averages out his 
brain’s reactions to it. When Dr. Ertl tested 573 Ottawa 
schoolchildren of different ages and social class, he found 
large variations in the speed of their responses. The ten 
_ slowest children required more than twice as much time to 
“react to the light as the ten fastest ones, who also scored 
‘higher on standard IQ tests. However, those children who 
suffered from language difficulties or other handicaps, such 
as nervousness, scored much lower on the IQ tests than 
they did on Ertl’s test of neural efficiency. 
It seems typical of the current research on brain waves 
that this test bypasses a person’s actual behavior and con- 
 centrates on how information is processed in the brain. 
Such research offers a rare glimpse into what happens be- 
_ fore a person makes a move, speaks, or even thinks, in the 
accepted meaning of the word. Even subliminal impres- 
“sions, so fleeting that one is not consciously aware of 
them, may be refiected in an EEG. 

_ This is a frightening breach of privacy. As we learn more 
about the language of the brain, the applications of this 
‘research will multiply. Already, some scientists are specu- 

lating about the possibility of using EEGs, combined with 
computers, as a new, ominously prescient lie-detection 
device. 

At the California Institute of Technology, for instance, 
a big, bluff English physicist-turned-biologist has developed 
a method with which he hopes to trace various mental op- 
erations as they progress from one area of the brain to the 
next. The air-conditioned helmet that Dr. Derek Fender 
designed for this purpose has forty-nine electrodes—about 
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four times the number normally used for EEGs. He needs 
so many because it takes at least nine electrodes to zero in 
‘on the source of a single brain wave, he says. To locate — 
two source points accurately requires at least thirty elec- — 
trodes at strategic spots on the scalp, since the waves from — 
the two sources may be intermingled by the time they _ 
reach the surface of the head. With the full forty-nine ~ 
electrodes, and extensive work from a large computer, he — 
can follow some of the lightning-swift operations in the — 
brain as a person responds to light or noise. Be 
Looking straight at me, Dr. Fender noted that “You are — 
watching my face as I speak, and your ears are hearing a — 
train of sound waves.” At that point, a bell happened to | 
ring in the university hall. “Your brain identifies these — 
sounds quite clearly,” Dr. Fender continued. “One set is. 
from my mouth, the other comes from the bell. You cor- 
Telate them in time and space. Well,” he said perpen a 
“we can now pick out the part of the brain that does such 
correlations.” 
In ‘his experiments, Dr. Fender studied the brain waves 
of twenty-seven volunteers as they were exposed to light 
flashes and, sometimes, simultaneous clicking sounds. If 
the clicks came from the same point in space as the flash, 
three areas in the brain would generate waves. One would | 
be the area that analyzes visual images; the second, the — 
area that analyzes sound signals. “And then I would see — 
further activity up here, in the parietal area [Dr. Fender — 
pointed to the back of his head] as the brain worked out — 
that the click and the flash had come from the same — 
source.” x 
If noise and light clearly came from different SOUTCES, 
there would be no integrative activity. But if a person’s — 
brain did begin to integrate the two signals in the parietal 
area, the next step—still followed by a fascinated Dr. 
Fender—would be some activity in the frontal motor area — 
as it prepared to send neural messages to the eye muscles” 
to get them focused on the right spot. The scientist was 
thus in the privileged position of being able to predict that ~ 


a few milliseconds later the volunteer would turn his eyes 


toward the source of light and sound. 

“You could probably work out a lie detector based on 
similar principles,” Dr. Fender said. “Now, this is not part 
of my research, you understand—I’ve only tried it out on 
three people, and it’s more like a form of play for me. But. 
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noe I can identify the activity in that area, 
“associated with the word ‘yes’ and with the word 
ether you say it out loud or not.” This statement 


ee You see, the actions of the tongue, teeth, et cet- _ 
e quite different for these two words. Naturally, — 
erns of the nerve signals that go out to make these 
» words will be different as well. These patterns are 
d long before the word ever reaches the vocalizing — 
So if it’s just a question of ‘yes’ or ‘no,’ I can tell 
f ur brain what the answer will be—even if you’ Te a 
on npletely unco-operative subject.” 
Of course, each person’s brain, being unique, wis 
pare to utter the word “yes” in a slightly different way, 
some features would probably be common to all — 
le. An interrogator would need some experience with 
‘su ect’s individual wave patterns before he could read sy 
houghts accurately. “But possibly in casual conver- ao 
one could get the characteristic pattern of ‘yes’ and 
for an individual,” suggested Dr. Fender. “This pat-_ 
annot change.” The only salvation for an “unco-op- 
subject,” then, would be to avoid even thinking of 
words he had spoken before. 
ight for anyone to gain such intimate knowledge 
10ther person’s mind? This kind of snooping seems a 
erous pastime, even if it is still impractical. (It took 
7ender’s powerful computer as long as forty-four min- 
» figure out what had happened during a quarter of = 
md of activity in one man’s brain.) Primitive as they 
the various attempts at scientific mind reading do of-— 


ntercept it, change it, or turn it off entirely. - 

e scientists yearn for such control; the majority do — 
ss Adey’s group, for the most part, is simply trying 
the language of the brain. But the possibility of 

ig power over the brain is a great temptation for 
people. 

mon le activists, there are two main streams: _one 


force, opening up the skulls of animals, and sometimes 
mans, tc eas electrodes: or chemicals. A ite dif- 


ae EEGs and el, sing that rote instai it infor 
bole a technique called “bio- feedback. ie 
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rote Control of the Brain— 


Through Pain and Pleasure 


most frightening visions of brain control involve peo- 
alking about with little black boxes inside their skulls,- 
to electronic orders from a dictator far away. 
button people,” they have been called—just the 
turn a whole generation of students off science. 
visions are rather naive, since they assume that 
c uld actually send complex messages to a person’s — 
. cells (“Now go and murder so-and-so”) or that dic- 
-s don’t have far more practical means of controlling 
behavior. The most sophisticated electronic equip- 
nt in the world could not transmit thoughts directly to 
brain. Besides, brain surgery is intricate and time-con- 
ng. Finding the specific brain cells that control even 
aplest motor act is exceedingly difficult. A dictator - 
n making people obey him would do much better 
\ind-altering drugs, threats, or brute force. 
ertheless, it’s true that little black boxes can be im- 
anted into human brains—scores of people have had 
posedly for therapeutic reasons. Limited kinds of 
an be transmitted to the brain from a distance; 
e orders to electrodes in a man’s brain, telling 
to stimulate certain cells with a weak electric cur- 
most significant, there is now a growing possi-. 
brain implants may someday be used for vari- 
s of training or restraint. ic g 
ent, stimulation is used mostly for diagno- — 
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sis. In some neurological centers, fine-needle electrodes are 
inserted into the brains of hundreds of patients as a pre- - 
lude to further surgery, either to record the activity of | 
certain areas or to stimulate them—for example, to help 
doctors locate cells that set off severe epileptic attacks, 
Brain-stimulation experiments are never performed on 
normal people. At times, though, surgeons have explored 
the brains of patients whose skulls they had opened for 
other reasons. Thus Canada’s great neurosurgeon Dr. Wild-— 
er Penfield made use of every opportunity that presented 
itself in his practice. With his patients’ consent, he would 
stimulate selected spots in their brains during operations 
and record everything the patient did or said. He consid- 
ered it his duty to science. In this way, he mapped out ar-_ 
eas of the brain involved in speech, memory, and lan- | 
guage, as well as in specific sensations or movements. d 
This was possible because the brain, unlike any other 
part of the body, cannot feel what is being done to it. | 
There are no touch or pain receptors in the brain. The or- | 
gan that registers all the pleasures and pains of existence — 
does not even know when its own tissue is being pene- — 
trated or cut. Once a surgeon has removed a piece of skull — 
and some of the brain’s outer covering under anesthesia, he 
is free to explore the pink-gray jelly as he pleases: wide- 
awake and conscious, the patient won’t feel it. Nor can, he . 
- feel a foreign object placed amidst his brain cells. As a re+ 
sult, many researchers have taken to leaving instruments 
inside the brain to carry on their work over a long period 
of time, much as capone have left instruments’ on a 
moon. 
Such objects can stay in the brain for months or even 
years. Generally they are left in experimental animals, but 
occasionally an adventurous surgeon will cement elec- 
trodes into the brain of a patient as well, though there are 
Serious questions about the safety of leaving them there 
until better and lighter electrodes are developed. 4 
Today we are on the verge of entirely new uses for. q 
brain implants because of two discoveries made in the 
1950’s and a new link with computers. Together, these 
may make the little black boxes much too available to igs 
nore, despite their difficulties and the natural horror they 
inspire. 
The discoveries involve ehh really happens when we 
feel pleasure or pain from any source. Though we Daye ? 


by love, sex, food, music, or 


PI caus | 
it ctually produced by a thin stream of 


mee Ss A > 
e center of our brain. In these cells lies the ulti- 
for our activities. Adjacent cells hold the ulti- 
shment. And both sets can be stimulated with — 


ysychologists, this means a chance to develop a — 
| teaching device. Tie electrodes in the brain’s own — 
or punishment centers to a computer that has been 
ed to keep track of some specific behavior, and 
have immediacy, repetition, speed-—all the elements - 
endishly efficient system, the most effective form of 
nditioning known to date. ees 
uch computer-linked implants might become an inte- — 
rt of the brain’s functioning. They could be used — 
ing or retraining. They would alter personalities, — 
produce certain kinds of behavior, make permanent chang- 
t go far beyond the control of a single physical 
ment. What their ultimate consequences would be we 
nnot yet foresee. : =e 


Ri Ge 


et Paddy, a chimpanzee who lives in a laboratory at 
e University and has had one hundred electrodes im-— 
d in his brain for years. A small box of electronic 
ment protrudes from the top of his head, where it has 
permanently attached with dental cement. The box is 
‘a “stimoceiver,” because it can both stimulate various 
of Paddy’s brain, according to radioed instructions, 
receive his EEGs, which it then transmits some dis- 
ce by radio. Wherever Paddy goes and whatever he does, 
oceiver is always on the alert. 
room nearby, a computer stands watch. Its job is 
k out some strange spikes, or spindles, in the brain 
produced by the amygdalas—small bundles of nerve 
the limbic system—on both sides of Paddy’s brain. 
e spindles come every few seconds, especially when 
dy is aroused by meeting friends, smelling new odors, 
ing groomed by another chimpanzee. 
now the experiment begins. 
Paddy approaches a friendly chimpanzee, the stimo- 
yn his skull radios his EEG to the computer, which 
nizes a burst ‘of spindles from his right amygdala. 
diately the computer radios back instructions to stim- _ 
ther area in Paddy’s brain, in the right reticular 
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formation, which causes Paddy to wince. It is like a ‘sud- 
den spanking, but alin the chimp’s brain, and it happens ce 
in a flash. y 

More than a gone times, in ‘the next two hours, the si 
computer lightly punishes Paddy for every burst of spin- — 
dies from his right amygdala. It pays no attention to the — 
left side of Paddy’s brain. At the end of the session, the 
spindles from his right amygdala are reduced to half their 
usual rate. us 

The following day, Paddy’s amygdala sementers its 
lessons and still spindles at the reduced rate. This does not © 
prevent the computer from going back and dishing out its — 
punishment for every single spindle. Within six days, the — 
spindles on the right side of Paddy’s brain are almost com- — 
pletely wiped out. Meanwhile, his left amygdala goes on ~ 
spindling as before, some one thousand times an hour—a 
beautiful demonstration of specific control. 

It takes Paddy two full weeks to return to normal. At S 
that point, the experimenters decide to block the spindles 
on both sides of his brain. The computer begins to punish 
_ right and left, wherever there is an offending spindle. And — 
again the spindles are practically eliminated within six 
days. (Actually his right amygdala is tamed much more 
rapidly, since it remembers what it learned before.) But as 
the spindles disappear, Paddy becomes strangely quie 
Though he was a lively chimp before the experiment, now 
he just sits in his chair, performing whatever tasks are re- 
quired of him, and barely moving. He doesn’t look at the — 
food pellets that are given him as rewards; nor, in most a 
cases, does he eat them. He doesn’t dare be aroused by 4 
_ anything. For weeks after the end of this pee 

Paddy remains as humble as a whipped dog. 


It’s now almost a hundred years since two Gernanda 
scientists, Gustav Fritsch and Eduard Hitzig, gave the first © 
demonstrations of how electrical stimulation of the brain a 
could control behavior. Very systematically, they applied a 
weak electric current to various areas of the cerebral cor- _ 
tex—the brain’s outermost layer—and recorded what hap- _ 
pened to their subjects, dogs. In most cases, since the dogs c 
were anesthetized, nothing happened. But all across one 
area of the cortex, a wide band extending from one side s 
of the head to the other, the application of the current — 
provoked physical movement. When they ran current to 3 


yhat 
ork revealed a sensory area, which received sensations 
ouch, temperature, and position from all over the 
ly; a visual area, which processed information from the. 
“eyes; an auditory area; and so on. Much has been learned 
bout the cortex, though vast areas of it remain as myster- _ 
ous as those stretches of unexplored territory on ancient — 
13 9S v 4 wees See 


No one ventured deeper into the brain until 1924, when i 
Wiss physiologist, Walter R. Hess, discovered the — a 
emendous importance of the hypothalamus. Hess, who _ % 
er won a Nobel Prize, began by inserting thin tubes into 
e brain stems of cats and injecting small amounts of 
hemicals through them. This produced extraordinary 
ges in the animals’ behavior, as if he had hit the cen- 
of their emotions. Startled, Hess decided to stimulate 
ie same area electrically. Using thin but rigid electric 
ires that were completely insulated except at their tips, 
ana weak electric current to the cats’ hypothalami. — 
, too, produced dramatic changes of even greater vari-  - 
By stimulating one spot, he could make a cat behave 
‘as if threatened by a dog,” he reported. “Tt spits, snorts © 
r growls ..«. its pupils widen ... its ears lie back, or 
nove back and forth to frighten the nonexistent enemy.” 
One cat was so enraged that it attacked Hess. Stimulation — 
other spots, only millimeters away, changed the cats’ 
ate of breathing and blood pressure, made them eat, “o 
k, or vomit,’ aroused them sexually, or made them — 


D. ie 
If Hess had done nothing more than sketch the func- 
ms of the hypothalamus in this way, he would have earned : 
lis reputation as one of the giants of brain research. 
ypothalamus is now recognized as so powerful and 
ex that it has been called “a brain within a brain.” It. 
lates the entire autonomic nervous system, and thus 
e body’s internal environment, including its temperature, 
cal balance, and appetites, as well as the emotions. _ s 
Hess is also the father of brain implants. He mis- — 
the existing techniques of brain exploration, in 
esearchers held their electrodes in their own hands. © 
an electrode one millimeter could produce such 


angry, the whole person is angry. Surely the emotio 
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extreme differences in behavior, the hand-held style was — 
much too inaccurate. It also required that the subjects be 
physically restrained or anesthetized throughout the entire” 
experiment so that they would lie absolutely still, making . 
any normal reaction impossible. Instead, Hess positioned 
his electrodes inside the cats’ brains and left them there, 
attached to a fixed terminal on the scalp. He showed that 
after recovering from this operation, the cats behaved nor- 
mally. Then he attached flexible wires to the terminals on 
their heads and connected these to instruments suspended + 
_ from the ceiling, allowing the cats to move about as on a 
leash. He could now stimulate their brains as often as he 
wished, always at exactly the same spot, while the cats 
were active and conscious. Furthermore, after he had fin- i 
ished his tests, he could, study the brains under a micro- — 
scope to determine precisely where the electrodes had been. 
Nobody could doubt Hess’s evidence: when he stimu- 
lated certain parts of the cats’ hypothalamus, the cats — 
reacted angrily. But did this mean that the cats actually 
felt angry? Most scientists claimed it did not. Although — 
they knew that electrical stimulation of the cortex could © 
produce physical movements, these were considered purely 
mechanical responses. Emotions were something else 
again—far more private, closer to the soul. When one i 


could not be localized or triggered in the brain as simply 
as the movement of a toe. Therefore, his colleagues said, 
what Hess produced with his brain stimulation was only 
“sham” rage or fear—only the physical manifestations of 
emotion, not the emotion itself. os 
In the early 1950’s, however, Hess appeared to be vindi- 
cated. By then thinner electrodes, many of which could be 
implanted simultaneously in a single brain, and better - 
techniques to implant them had led to a new burst of xy 
periments with brain stimulation. Suddenly one group of 
. researchers at Yale University reported finding some brain — 
areas where stimulation produced either fear or pain, — : 
while a young American working at McGill University in: 
Montreal discovered that’ he could produce artificial plea~ 
sure. po 
The Yale experiment involved some very hungry cats” 
with electrodes in their brains. Offered food, they ran 
toward it, but as soon as they began to eat, a current stim-— 
ulated certain points in their thalamus, which is just 


ey 
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‘hypothalamus, and other deep structures. The 
ed the food immediately, as if stung by it, and 


treated. After a few attempts, they avoided the food when 


er, despite their hunger. Equally hungry cats that: = 
stimulated in different parts of the brain seemed mo- 
ntarily distracted from the food, but went right back 
t a second later. tease 
starved animals learn to shun food because it is cou- 
d with a certain kind of stimulation, that stimulation —_ 
ist be powerfully unpleasant. There can be nothing 
sham” about it! Thus Dr. José Delgado, a physiologist 
rking with psychologists Warren Roberts and Neal Mil-. 
, demonstrated in 1954 that real pain can be produced 
ectrical stimulation of the brain. Peed 
ey also showed that brain pain is a most efficient spur — 
learning. This led to a long line of experiments, includ- 
ng Delgado’s successful attempt to make Paddy turn off 
tain brain waves from his amygdala. Paddy’s pain was _ 
“sham,” either, but Delgado insists that at the low in- . 
ty of current he used (.5 milliamps) the stimulation 
not really disturbing. Of course, he adds, it is hard to 
ith animals. 
r. Delgado is a controversial, Spanish-born professor 
hysiology who loves to give dramatic demonstrations 
f his latest gadgets. These, rather than pure research, are 
hat really excites him. He once made the front page of 
New York Times by stopping a bull in mid-charge in a 
rdova bullring. As photographers watched, Delgado 
ved an enormous brave bull. He waved a red cape, just 
a matador. But when the beast charged, he did not 
e it to his side. Instead, he pressed a button on a small 
) transmitter that he carried in his left hand, and sud-— 
y the bull ground to a halt, raising a cloud of dust. 
ally Delgado had run no risk: he had implanted elec- 
‘odes into the bull’s caudate nucleus, a subcortical area 
jnhibits all motor activity, and he knew that whenever 
ressed the button the bull would be forced to stop. 
This exploit did not please his colleagues, who consid- 
it too sensational and unscholarly. But the impressive 
play of power over a wild beast fascinated the public. 
ywer seems to fascinate Delgado, too. He has developed 
hniques for absolute control over monkeys. By stimulat- 
different spots in their brains, he can make them per- | 
form like puppets: eat a thousand times more than they 
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normally would, yawn, wake up, or go through elaborate 
routines, surprising sequences that apparently result from _ 
the individual monkey’s previous experience’ and the fact _ 
that the cerebral organization of monkeys is more stereo- — 
typed than man’s. Delgado tells how he made one female — 
monkey carry out the following sequence twenty thousand — 
times in a row: she would stop whatever she was doing; 
change her facial expression; turn her head-to the right; — 
stand upright; circle to the right; walk on two feet with — 
perfect balance; climb a pole; come down; growl; threaten ~ 
and attack any subordinate monkey; suddenly become _ 
peaceful again; and approach the rest of the group in a_ 
friendly manner. The whole sequence took ten to fourteen 
seconds. It was always performed in the same order, but 
with some changes in detail according to circumstances. — 

Delgado can also topple monkey dictators, or increase ~ 
their power. Monkey societies are normally autocratic, he 
explains: One animal takes over as boss of the group. In 
one experiment, Delgado stimulated the boss monkey’s 
brain to make him more aggressive. The boss then chased - 
and bit his subordinates, especially his nearest rival, the — 
second-ranking male, but always spared “the little female 
who was his favorite partner.” This aggression merely” 
strengthened his position as boss. 

A sadder fate was in store for Ali, the bad-tempered % 
chief of another monkey colony. Ali was universally 
feared by his subordinates, who huddled in a corner while 
he lorded over two-thirds of the cage. He occasionally — 
glared at them, but they hardly dared steal a glance at 
him. When Delgado stimulated his caudate nucleus, how- 
ever, Ali lost the power to be aggressive. His expression 
changed, and the other monkeys in the cage began to 
move about freely, edging closer to him. After a veto 
they actually crowded around him without fear whenever — 
the current was on. Then Delgado installed a new lever on ~ 
the cage wall—a lever that triggered the stimulation of 
Ali’s brain by radio. Soon a female monkey named Elsa 
discovered that when she pressed this lever, Ali became 
quite harmless. Every time Ali threatened her, she ran to 
the lever and pressed it. She did the same whenever he 
threatened any other monkey. Elsa thus became the Joan 
of Arc of her colony, the defender of the oppressed, cut- 


ting off Ali’s strength whenever he tried as assert himself _ 
as boss again. 
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o's cperiments are always flashy in this way. 
y he scares so many people. In his book Physical — 


Sey 


ed to close his hand into a fist every time the current — 
sed through a certain spot. The patient did not seem to 
ind having to make a fist, which he knew was involun- 
ry. But when Delgado asked him to try to keep his fin-— 
rs extended during the next stimulation, he couldn’t do 


octor, that your electricity is stronger than my will.” 
ained limited by the primitive state of knowledge about 


man’s brain, he could not have predicted what the 
timulation would do, From the electrodes’ placement he 
w only that he would produce some motor activity, 
bably involving the man’s hand. He could not have 
lanned to make the man close his hand. Nor did he know 


his head to the side, as if looking for something, every 
time the current was turned on. Once he produced these 
ctions, however, Delgado could. make the patients do 
em over and over again. 

“The interesting fact was that the patient considered the 
voked activity spontaneous, and always offered a reason- 
ble explanation for it,” writes Delgado. When the patient 
ed his head, Delgado asked him what he was doing. “I . 
am looking for my slippers,” the man said one time. On 
other occasions he replied, “I heard a noise,” “I am rest- 
.” or “I was looking under the bed.” This implies not 
y control over the man’s behavior, but the power to 
ake him think that he willed what, in fact, was electri- 
y forced on him. 

Delgado also describes how an otherwise reserved 
hirty-year-old woman reacted to stimulation in one part 
her brain: when he pressed the button, she “openly ex- 
sed her fondness for the therapist (who was new to 

her), kissed his hands, and talked about her immense grat- 
e for what was being done for her.” 
Such power is frightening enough. Yet what really wor- 
es liberals—and some of Delgado’s fellow scientists—is 

so much what he does as what he says about it. In his 
ok, Delgado urges the government to make “conquering 


i! 


Control of the Mind: Toward a Psychocivilized Society, - 
he describes how a patient with electrodes in his brain was 


it. As Delgado reports, the patient then said, “I guess, ‘ 
hough his electricity was indeed strong, Delgado re-— an 


how the brain functions. When he placed his electrodes ihe, 0 


ad of time that he would force another patient to turn 
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the mind” a national goal. He foresees a new age in which ‘ 
the brains of human beings can be regulated from a dis- 
tance, as easily as one can now open or close the doors of fe 
a garage by pushing a button in one’s car. Natural evolu- 
tion is too slow, he says. We will have to intervene directly : 
in the fate of man by implanting “cerebral pacemakers,” “1 
similar to cardiac pacemakers, which would maintain peo- 
ple’s mental stability at all times and thus preserve peace. ~ 

An epileptic equipped with such a pacemaker might go 
about his business without fear of having a seizure. When- — 
ever his brain waves showed signs of an impending attack, © 
his pacemaker would alert a computer, which would trig- 
ger stimulation in an inhibitory area of his brain and pre- ~ 
vent the attack. The patient might never know it hap- 
pened, as the stimulation might be caries the level of 
conscious perception. 

Brain implants might well prove dccopiable in clear-cut 
medical cases like this one, especially if the epilepsy could — 
not be controlled by any other means and if safer electrodes © 
were developed. Some doctors might also go along with — 
Delgado’s prescription of cerebral pacemakers to prevent — 
violent behavior, at least in certain extreme cases (see — 
Chapter 9). But when he speaks of using implants to treat — 
such widespread ills as anxiety, fear, and obsessive be- 
havior, he makes all of us possible candidates for brain 

stimulation. a 
A passionate and highly creative designer of new instru 
-ments, Delgado often seems to get carried away by his 

enthusiasm for them. His real significance lies outside o 

philosophy, however, in the realm of technological advan- 

ces. Nobody has used the spinoffs from the space race more 

fruitfully. When microminiaturized radio receivers became — 

available, he attached them to the kind of brain implants 
invented by Walter Hess and gave his subjects total free 

dom of movement, making it possible to stimulate their 
brains by remote ‘control. Later on, he replaced the radio 

- receivers with tiny two-way radios, creating the stimoceiver. 
Now he is deeply involved in three projects: embedding th 
stimoceiver inside his subject’s body, to hide it under th 
skin; linking the stimoceiver to a computer, as he did with 
Paddy; and developing a whole new line of chemical im- 
plants. “e 
The stimoceivers he has used so far have been external, . 
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ains. “This is always a possible source. of infection, 
‘a hindrance to grooming. But now we will fit the in- 
ent inside the body. I will use a new, transdermal _ 
stimulator,” he told me excitedly, in his thick Spanish ace 
t. He opened a small box he had taken out of his pocket. oes, 
contained a round, flat piece of metal, rather like Ny eae 
utsize coin, with some designs on it. He handed me the 
and a jeweler’s magnifying glass. “Look at it,” he said. 
his ig a next-generation transdermal.” I peered through 
glass, and the designs on the coin turned into intricate 
ed circuits. “We've started using it with gibbons,” he 
d. “There are no wires, nothing piercing the skin, nothing 
jisible. Then we can telemeter instructions transdermally.” — S 
Some time ago, Delgado exhibited his inventions during 
‘meeting of the American Psychiatric Association. The 
assing psychiatrists seemed highly interested in his exhibit 
‘stimoceivers and his film of a monkey being tamed by a 
emical injected deep in its brain through another gadget, — 
‘dialytrode.” Some of them did a double take and asked 
Delgado wasn’t the man who stopped the bull. “Where 
he bulls?” inquired one psychiatrist. Delgado’s assistant 
_ shook his- head mournfully. “Everybody is asking for the 
~ bulls today,” he muttered. “I think the experiment was 
E very unfortunate.” Undaunted, Delgado went on explaining 
~~ the virtues of the dialytrode. ; 
_ This, he said, is “perhaps the most important thing for 
he future. We are establishing a two-way chemical com- 
‘munication with specific areas of the brain.” Up to now, 
y investigate brain chemistry, “it was necessary to kill 
our experimental subject.” But a few years ago, his lab 
gan to develop a system of dialytrodes—two thin tubes 
ding in a dialysis bag, implanted permanently anywhere 
‘the brain, through which an experimenter can inject 
micals and collect chemical information from the 
brain. As the name implies, dialytrodes can also stimulate 
the brain electrically and record electrical activity, thus 
doubling as electrodes, though they are somewhat thicker. 
Now we have a method to investigate brain chemistry in 
re animals,” he said, “to study the side actions of some. 
‘ugs, or the release of neurohumors at certain times,” 
As Delgado sees it, the main barrier to using brain im- 
ants in human beings is the “cosmetic” aspect. “For hu- 
you can’t have these plugs in the head,” he said. 


_— 
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“Everything must be under the skin.” Fortunately, a ne 
transdermal dialytrode is nearly ready. This will include — 
two small terminal bags, one for each tube, to be placed 
under the scalp at the outlet of the implanted tubes. It will 
then be a simple matter for a doctor to inject fiuid into — 4 
one bag, or withdraw it from the other, by means of a hy- as 
podermic needle. Fas 
“Then we can inject drugs locally into any area of the 2 
brain,” Delgado said with satisfaction. “We can block cer- — 
tain areas functionally—that’s far more conservative than — 
surgery, as we don’t need to destroy anything. We can also — 
use synthetic spinal fluid, circulate it through the dialysis : 
bag, and collect chemical information on what happens in- Bs 
side the brain.” a 
Delgado hopes to use both of his transdermal 
- gadgets—the stimoceiver and the dialytrode—in human — 
beings soon, to block the perception of pain in otherwise — 
hopeless cases. He remains very interested in pain and its i 
prevention. - 


*« 


He 
. The Yale group’s original work on pain centers was 
soon overshadowed by the far more exciting discovery — 
that there were areas in the brain where electric stimula- 
tion produced pleasure. This came to light accidentally, in , 
- 1953, when Dr. James Olds noticed the odd behavior of a- 
white rat. 

Olds, a young American psychologist, had come to 
Canada to work under Donald Hebb, a pioneer in the 
study of how the brain processes information. He was just — 
beginning an experiment on the effects of brain stimula- — 
tion on animals when his very first rat surprised him. The — 
rat had a pair of wires deep in its brain, through which ~ 
Olds stimulated it every time it entered a specific corner 
of a large maze. Naturally Olds expected that this would: 
teach the rat to stay away from that particular spot. But — 
the rat—perversely, it seemed—appeared to like that cor- 2 
ner, and after a few minutes it came back for more. In ~ 
fact, Olds found that he could make the rat move in any — 
direction he liked merely by turning the current on when- ~ 
ever the animal took a step in the right direction. How- 
ever, he could not repeat this trick with the next few rats — 
that he and Dr. Peter Milner, another student of Hebb’s, 
tried to stimulate in the same way. 

When this strange rat was killed, Olds saw at once that 


it 


i center of ‘ceWard’-—this was as close as he got ie 
ig it “pleasure.” He never learned precisely where the 
electrode had landed, however, because the brain was” 


n amateur. To hit the right place again and see how far 
extended, he and Milner would have to make a highly 
detailed map. my 
‘It is of course impossible to know how animals feel, but 
; psychologist B. F. Skinner had devised a technique t 
1easure—if not explain—some kinds of motivation: the 
ous Skinner box, in which experimental animals can be 
en food pellets or other rewards every time they per- 
form a particular action, like pushing a lever. As long as _ 
wards are unavailable, the animals push the lever only | 
asionally, perhaps five to ten times an hour; but when 
y discover that they can earn something they like, their _ 
vity rate shoots up in a measurable way. This was the 22s 
em Olds and Milner decided to use in mapping out 
erent areas of the rats’ brains. They inserted electrodes 
arious places and then, ingeniously, allowed the rats to 
‘stimulate their own brains by means of a foot pedal con- 
nected to the electrodes. ee 
~The results of this do-it-yourself experiment pe ee 
expectation. The rats at once fell into a frenzy of self- ~ 
stimulation. They pressed the pedal repeatedly, as often as 
ve thousand times an hour. They seemed insatiable. If al- 
ed to, they would stimulate themselves for twenty-four — 
rs at a stretch, stopping for neither food nor rest, until 
hey dropped from exhaustion—and then return for an- 
‘ther orgy a few minutes later. They would do almost 
thing to get a chance at the pedal: learn to run mazes 
idly and without error, remember their way the next 
and even cross electrified grids which produced 
s so painful that they had stopped starving rats from 
hing food. 
Over the next decade, Olds diligently mapped out the 
ding areas in rats’ brains. He found a “river of re- 
ard”: the medial forebrain bundle of the hypothalamus, — 
pat ay leading from the hypothalamus to olfactory 
stems in the: cortex. This river was dotted with “islands” 
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of drive. And once they were satisfied, all these drives— , 


whether hunger, sex, or thirst—seemed to produce similar 


feelings of reward. The stimulation apparently tapped the — 


brain’s normal mechanism for positive reinforcement, the 


system through which all creatures learn to do what is — 


good for them. 
At first Olds held a highly optimistic view of the pro- 
portion of rewarding areas in the brain. “I used to say 


that 35 percent of the emotion-producing areas were re- 
warding,” Olds recalls, “that 5 percent wete punishing, — 
and 60 percent neutral. But that was at a time when our 
definitions were less adequate than today.” This optimistic — 
view failed to hold up when it was discovered that in some — 


cases a rat would work just as hard to stop brain stimula- 
tion as it had worked to start it. “So there you see the ani- 


mal turn it on, and you say, He loves it!” notes Olds. “But a 


then you change the conditions, you see him turn it off, 


and you say, He hates it! Actually it’s stimulating both sys-— 


‘tems. He loves it, but he can’t stand it—it’s that kind of a — 


mixed thing. This altered our map considerably.” 


It stands to reason that the systems for negative and 


positive reinforcement should be right next to one another, 
Olds explains, since both are involved in the animal’s vol- 
untary behavior. He now believes that the purely positive 


~ areas in the brain—those where the rat will turn on stimu- 


lation but never work to turn it off—take up only 1 to 9 


percent of the total brain area that produces emotion. — 


Roughly the same amount of brain matter is purely pun- 

ishing. And an extraordinarily large proportion—close to 

half of the emotion-producing-areas—gives mixed results. 
Of course the situation may be quite different in differ- 


ent species. Cats, for example, have much more of their 


brain devoted to pure punishment than to pure plea- 


sure—which may explain their generally melancholy dis- : 


position. This makes rats seem relatively well off, since 
they have an equal chance at either emotion. To date, no- 


body has drawn an atlas of the brain areas that produce © 


exclusive pleasure or punishment in man. 


Normal pleasure has its limits. It is always conditional? 


food gives pleasure only if the animal is hungry, water. 


only if the animal is thirsty, sex only if the animal has a 
high hormone level (though Olds points out that sex pow- 
ers itself to a larger degree than some other drives, and has 
“fewer aversive conditions at the boundaries”). A child 
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i , he 
ones it forever, just as a thirsty animal will 
ti ally lick at a column of air that is eold and feels — 
, even though it does not satisfy its thirst. If one could — 
imulate the child’s brain instead of putting the chocolate 
is mouth, _perhaps one might have a force as irresisti- 


The brains of all animals, from fish to dolphins and pri- 
s ee: some pleasure mechanism of this kind, 


0 tenets, psychologists have been quick to take ads 
untage of it. For over a decade, stimulation in the Plea 
e areas has been a standard operating procedure in 
1y laboratories where animals are trained to learn cer-~ 
Eee Thousands of creatures of all sizes and vr 


n pain. Ee 
en what pabewe using them in human beings? At this ~ 


‘ widespread u: use of this methodology i in humans,” he begins. 
extremely gross, in the sense that we have no idea 
we are really doing when we put a probe in the 
n. We know that most of the places that we localize 
€ ‘not the important centers. Actually, there are no brain 
nters. There is a bundle of fibers running through this 
gion carrying all the possible emotional messages of this 
mal. It’s as if we had tapped into a trunk line from 
hicago to New York. When we turn on the current we 
ist ‘say’ everything at once. Almost every stimulated 
in effect ever discovered happens in the same area. 
is is always the hypothalamus and almost always in its 
teral part. This is the whole bundle of the brain’s mo- © 
tional and autonomic fibers brought through one small 
tube. Well, the so-called centers are just chance conglom- 
ations of fibers, of stems, which carry the main emo- 
al outflow of the brain past a certain point. It’s not a 
‘ood way to do anything specific.” 
Ithough he agreed to the word “pleasure” when Setene 
> American printed an article about his work in 1956, 
Olds, i of npsathotnee biology at the Califor- 
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‘nia Institute of Technology and a scientist’s scientist, 
known for his meticulous research, is no longer so sure. 
that pleasure was always involved. Often it was, but in 
some cases the brain stimulation just caused a compulsion 
to come back for more. “You might call these compulsive 
behavior centers,” he says. “Others might have some rela- 
tion to itching. Maybe the brain probe causes the subject 
to itch and brain stimulation is the only way he can 
scratch it.” No one yet knows where any of these motiva- 


tional fibers originate, though the bundle is the only place 


where there are enough of them to get any effect at all. 


For this reason, he has now abandoned brain stimulation — 


as a behavior-shaping technique. Instead, he has gone back 
to food rewards. They’re more dependable, he says. 


The reports of human patients who have had electrodes — 


implanted in their brains have not made the picture any 


clearer. At the Tulane University School of Medicine in — 


New Orleans, Dr. Robert Heath, one of the most daring 
psychiatrists in the United States, has inserted. electrodes 


into the brains of scores of schizophrenics and other pa- & 
tients “for the relief of intractable pain—emotional or 


physical,” as he puts it. For this he is hated by Freudians, 
who look upon him asa sort of devil, and admired—with 
reservations—by some physicians who take a more biolog- 
ical approach to mental illness. He believes that schizo- 
phrenics cannot experience pleasure in the same way as 
other people because of a defect in the septal region of 
their brains, a part of the limbic system. He treats. them 


with electric stimulation, he claims, produces the pleasure 


they have always missed. Some of his patients have been — 


equipped with control boxes that allow them to stimulate 


their own pleasure centers at will. And some have report- A 
ed feelings that range from mild euphoria to something a 


“better than sex.” When the electrodes were placed in ar- 
eas that produced the most intense self-stimulation, how- 


ever, the patients seemed unable to explain their actions. — 
If asked why they stimulated themselves, they might say, | 


“Because Dr. Heath will give me more passes to go home 


if I do,” or name some other thing they remembered doing 


on purpose. Another odd trait of these patients was that in- 


several cases they didn’t stop pushing the lever after the ~ 


electricity was turned off. They went right on, repetitively, 


as if they didn’t know the difference. 


“You can’t know the human brain as well as an animal 


emote Control of the Brain es 
0 out. “You can slice animal brains lit 
the thousands and mark your target every tim 
n at something, then see how you did. Then you 
and slice, and pretty soon you learn by that. — 
of marking your target where you're going. Now, — 
few people sacrifice their human subjects [he smiles 
ryly], therefore no one ever learns where he is going in — 
e human brain.” One surgeon, Dr. Vernon Mark of Bos- 
d try to stimulate this technique, Olds notes. “What _ 
did was get himself a couple of hundred cadavers — 
plant in them, and then slice the brains. So he’s to — 
sed for having created, for himself and his group at — 
st, human stereotactic procedure.” Mark’s work, with 
Dr. Frank R. Ervin, in stimulating the brains of cancer _ 
mts to relieve them of pain “sounds to me like some- 
I might approve of—one of the few possible uses of 2 
his technique,” he adds. However, any invasion of the brain 
nvolves real risks, particularly the danger that it may 6 
‘up scar tissue, which could provoke epileptic sei- 
Olds warns that implanted electrodes always create 


ny troubles as they cure, though in the process one ~ ’ 


rs a little more about the brain. 
Now in the fifties and as conservative in appearance 
te shirt, short gray hair) as he is cautious in his think- 
Olds has become very concerned about the possible 
msequences of recent brain research. In 1971, when I 
2 d him about the dangers that might be posed by elec- 
tical stimulation of the brain, he scoffed at them, “‘Wild 
therapeutic procedures have a relatively small and. self-re- 
cting vogue,” he said, “and then they eventually disap- 
-. Society gets rid of them. Most of the -work that is. 
g done with probes implanted in human brains will 
into that category. Occasionally people come along 
d say how terrible, everyone will have his brain implant- 
You know, most people don’t even let themselves be 
ected intraperitoneally, because it looks like being 
abed in the stomach. Do you think they’re going to 
vy their heads down and say, ‘Please drill a hole in my 
? It’s really kind of foolish.” as 
ay he is no longer in a joking mood. He em- 
es that a brain stimulus is a pathology. The elec- 
itself is unnatural, and the stimulation even more so. 
er they create a sort of disease, “somewhat like 
a man out with a sledgehammer and then asking ~ 
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what color stars he sees.” No brain stimulation that we — 
know how to provide would be likely to produce more — 


than something like the “aura” that precedes an epileptic — 
' fit. A person pursuing a “brain reward” might well end up — 
by begging a doctor for a cure: he might hate the stimulus 
but be unable to stop himself. “We know only where a 
mixed bag of emotional fibers happens to be passing, — 
where we can induce a rather sickly pathological condi- 
tion,” Olds concludes. 

If we want to tap into any of the fibers that specifically = 
produce pleasure, we will have to develop far more so- 


phisticated ways of getting to them. We not only need bet- ~ 
ter electrodes, we need a much better idea of where to put 


them. 
In a way, this is quite reassuring. On the other hand, if 


we do learn more about these fibers, we may eventually be _ 
able to put them to good use’ in various kinds of therapy. — 
In recent years, there has been mounting evidence that — 


people can be trained to control their own heart rate, — 
blood pressure, and other supposedly involuntary func- — 
tions, with help from a computer. If such control can be | 


achieved at all, the most direct route for the computer’s 


feedback is right to the brain. The computer could screen — 


‘the information from a man’s heart, for instance, and ev- 


Bok Rite 


ery time his heart rate changed in the appropriate direc- — 


tion, order instant pleasure in the man’s brain. “I like the — 


idea,” says Olds, “even though I don’t really believe it. — 


You see, if you could feed back certain cardiac responses 


to brain stimulation, you might cause long-lasting changes — 
in heart rate and thus resolve illnesses that have a psy- — 
chosomatic origin. The whole circle might be totally — 
unconscious.” The heart rate would be modified by these — 


rewards, without the patient consciously deciding what to 
do. 


control of this sort is now possible, and it is a superb — 


As Delgado’s experiment with Paddy showed, remote 


t 


training device. With a brain implant to give him imper- — 
ceptible jolts every time his heart rate was lowered, a 


cardiac patient might calm himself during stressful situa-_ 
tions until his heart reached a normal level—at whiches 
point, like a good thermostat, the computer would order — 
the stimulation to stop. All these events might remain — 
inaccessible to his cortex. The patient would then find var- 


ious rationalizations for his good temper, from the kind- 


: 


around him to the pleasantness of t 
microminiaturization of electronic equipment is 
ding at such a fast pace that small, reliable, efficient 
_ brain implants may be expected within a decade. The na 
fion’s engineers are not lacking in ideas on how to power 
em internally. To do away with batteries (and the need - 
recharge them), they want a permanent source of en. 
srgy. What could be more convenient than to harness the / 
mergy produced by the body itself? Some researchers 
ype to convert the oxygen contained in the body intoa _ 
urce of power. Others are betting on the energy released 
by the rhythmic expansion and contraction of the blood” 

ssels during respiration. And if all else fails, they could — 
bed a tiny source of atomic energy in the brain, right 


ong with the mechanism it would fuel. i 
Bridging the span between a man’s brain and the com- 
r would be even less of a problem. Even today, 
ptic patients’ EEGs can be transmitted accurately, via 
inary telephone lines, to specialists two thousand miles 
y, and astronauts’ brain waves can be recorded in — 
ht, then telemetered back to earth with the greatest of 
ease. In brain research, as in jet travel, distance has be- 

me nearly meaningless. : 
The closer we come to such remote control of the | 
brain, however, the more logical Delgado’s next plan ap- : 
pears. This would eliminate the problem of distance, but 
entirely different manner. Delgado would simply put 
hing inside the patient—not just the stimoceiver or 
ytrode and its source of power, but the computer as 
well. Naturally he would need a very tiny, miniaturized 
computer, smaller than anything available today, but he is 
confident that it can be built. “Then the whole electronics 

d be inside the body,” he exults. “No radio link would 
necessary. The process would be going on in a closed _ 
cuit, totally inside the subject.” 

e implants, whether electrical or chemical, would be | 
sealed into the brain for good, their action directed by the — 
anted computer. If the computer’s program needed to 
. changed, one could still have access to it from outside, 
as one changes TV channels by remote control. 

A man with such an implant would feel a “compulsion” 
ehave along the lines planned for him. For the rest of 


., the computer would shape him, sending periodic 
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jolts of pain or pleasure directly to his brain—and neither 
he nor anyone around him would know it. 

The next decade may see a growing tug of war between — 
those who are seduced by such technology and scientists — 
who realize that they still know far too little about what. 
really happens when one invades the human brain. . 
ens . 


| Controlling One’s Own Brain 
-Waves—the Beautiful World — 
g of Bio-Feedback — 


P39 


> At the opposite extreme from the efforts to manipulate the 
ains of others, a movement to teach people how to con- _ 

ol their own brains has been gathering speed in recent 

ears. Some of the nation’s most imaginative researchers 

re now involved in it, as well’ as thousands of students, 

slunteers, and camp followers of all kinds. Together they 

re soaring off into a beautiful world where everything 

eems possible—the world of bio-feedback. 

It is not necessary to drill a hole in the skull to control 

“the brain, they say. Nor is it necessary to take drugs. All 

me needs is concentration, coupled with precise informa- 

ion on what’s going on in one’s brain at the time it oc- 

curs. Then, with training, one can achieve the kind of © 

sIf-control that people have always dreamed of but sel- 

Jom attained. One can become oblivious to pain, excep 

“tionally alert, or fall into a creative reverie, at will. 

Of course yogis and Zen masters have known such skills | 

_ for years, but they learn them the hard way, through a 
time of meditation and study. In the West, we want 

peed as well as hard evidence. Today, both have become 

able. through bio-feedback, a technique that depends 

on electronic gadgets which measure and amplify physio- 
logical changes so small that until recently they were almost 

tally ignored. 

sy now hundreds of volunteers have learned to produce 
ee 57 . 
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small shanies in their blood pressure, lower ‘hen heart 
rates, alter their brain rhythms, or stop the activity of a. 
single cell in their spinal cord—functions previously be- — 
lieved to be “involuntary,” or beyond human control. 

They have done all this without drugs, and without © 
black magic. For bio-feedback simply extends normal 
_ ways of learning. Everything we learn depends on some — 
sort of feedback—from eyes, ears, hands, feet, other peo-— 
ple, or other sources—that shows us whether we are suc- | 
ceeding or failing in what we are trying to do. But under ~ 
normal circumstances, we are limited in the kind of feed- — 
- back we can get from our body. We don’t have words to 
say what’s going on inside us. Very often we can’t even — 
identify it. Small increases or decreases in blood pressure _ 
remain hidden from consciousness. So do changes in the — 
rhythm of our brain waves. With the aid of sensitive bio-. 
feedback equipment, however, such internal fluctuations 
can be measured, displayed, and evaluated instantly to tell 
the learner whether he is improving or not. a 

It’s somewhat like helping a blindfolded man learn to — 
type. He could never make any progress if he didn’t know a 
what letters he was producing. But if someone told him — 5 
the name of each key as he struck it, he could begin to © 
type certain letters at will. With time and practice, he — 
could even learn to type rapidly, until at last his fingers — 
would seem to do their work by themselves. Suppose the © 
person who named these keys also handed the man a 
raisin as a reward for each letter he typed correctly. This 
would be called operant conditioning—the kind of train- — 
ing, systematized by B. F. Skinner, in which rewards (or < 
positive reinforcements) are used to shape behavior. If the — 
man had strong reasons of his own for wanting to type, — 
however, simply knowing that he had struck the right key ~ 
would be its own reward. 

“You must care,” says Rockefeller University’s Dr. Neal 
E. Miller, “otherwise the results cannot be rewarding,” In — 
bio-feedback, rapid signals such as a flash of light or a 
beep show the volunteer that he is doing well. While tak- — 
ing part in an experiment at Harvard Medical School, 1 
was amazed at how much I cared. Sitting alone in a dimly 
lit, soundproofed room, with no distractions and nothing — 
to do but focus on the beep, I began to feel elated every 
time I heard it. I didn’t know what the experimenters had 
decided to reward (it turned out to be lower blood pres- 


with a lower heart rate), nor what I was 
, but every time the beep went on it was — 
hitting the jackpot. What surprised me most, however, _ 
e speed with which everything took place. The 
sps sometimes followed each other incredibly rapidly— — 

to thirty-two times a minute. (At other times, of 
rse, there were long, dull periods without any evidence — 


aa 


_ the next one, which came less than a second later. The 
- speed at which the body works is the strength of bio-feed- 
back. Just because of the short time lapse between heart- 
‘beats, one can learn very rapidly, through much trial and 
tror, while the clock hand barely moves. 
- Bio-feedback, then, requires lightning-swift measure- 
“ments, rapid calculations of whether each change is a step 
rward or backward, and instant displays. It is a child of 
» computer age. But it might never have developed 
hout the persistence and wide influence of psychologist | 
Jeal Miller, a big-boned, bouncy man in his early sixties, 
Aho maintained for years that the body’s internal func- 
ns could be brought under voluntary control, even 
hough the textbooks said this was impossible. 
_ Miller, who had won fame for his book Social Learning 
and Imitation, written with John Dollard in 1941, stood 
“nearly alone in his belief that, through practice, one could 
‘learn to control the internal organs and glands, just as one 
ntrols the skeletal muscles (arms, legs, and other visible 
rts). The skeletal muscles are triggered by the motor 
area of the cortex, through nerves running down the cen- 
_ ter of the spine. Internal responses are regulated by the 
“emotional” areas of the brain—the limbic system, and 
particularly the hypothalamus—through two chains of 
erve fibers traveling down the sides of the spinal cord. 
ver since Plato, people have considered these internal 
nctions to be somehow inferior. The nervous system that 
controls them was supposedly “involuntary” and indepen- 
—dent—hence its name, the autonomic nervous system. 
_ Most psychologists believed that it could be conditioned in 
the classical way, 4 la Pavlov, but could not be taught 
‘through trial and error. Pavlov’s dog salivated naturally at 
he sight of food. When a bell consistently preceded the 
od, the dog learned to associate the two, and eventually 


success.) As psychophysiologist Bernard Tursky ex- ae : 
lained, the signals had to be almost instantaneous so as to _ 4 
ard the appropriate heartbeat and allow me to control 
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began to salivate at the sound of the bell even when fio 


food was presented. However, it could not be expected to _ 


learn any response other than salivation. Skinner taught 
pigeons skills that no pigeon had ever had before—for ex- 
ample, how to play ping-pong—through a step-by-step re- 


inforcement of some of the movements they produced by . 


trial and error. Such methods were reserved for the 


skeletal muscles, however. In the traditional view, the au- ~ 


tonomic nervous system was too “stupid” to learn by op- 
erant conditioning. 

The shortcomings of the autonomic nervous system 
seemed so obvious that Miller had a terrible time convinc- 


ing any students to work on what later became bio-feed- 


back. Even the paid assistants whom he assigned to the 


project did it half-heartedly, believing it was a waste of 


time. Finally, a young man, Jay Trowill, volunteered to 


run some experiments. He faced an immense technical age 
problem: proving that any change in a rat’s heart rate re- 


sulted from direct control over the heart itself, and not 


from some other muscular exertion to speed up the heart, 
or relaxation to slow it down. It was extremely difficult to 


prevent such “cheating.” After a series of discouraging at- 


tempts, Trowill paralyzed his rats with curare, the sub- 
stance that South American Indians use in poison arrows. 
This stopped them from using any skeletal muscles at all. 


Since curare does not affect the internal organs, however, 


the rats could still use their heart muscles. They lay limp 


and inert on the experimenters’ table, unable to move 
their lungs, their little pointed noses and mouths inserted 


into tiny face masks (made from toy balloons) which led : 


to respirators that maintained their breathing. In this to- 


tally helpless condition, the rats were required to control 


their heart rates. Of course, none of the ordinary rewards BS 
such as food or water held much appeal for them. So the _ 
experimenters implanted electrodes into the rats’ brains and 


stimulated their pleasure centers every time their heart aS 


rates changed in the desired direction. Some rats were re- 


warded for speeding up their heart, and others were re- 


warded for slowing it down. By 1966, after three years of 
painstaking work, Trowill had unequivocal proof that rats 


could achieve direct control over their heart rates, without. : 


any assist from their skeletal muscles. 


As soon as the rats learned to produce small increases 


or decreases in heart rate, Miller and Leo DiCara, his prin- _ 


~ 


e, upped the ante—from then on, the reward 


~ minutes of training—an almost unbelievable speed. ee 
Clearly, the mechanism for self-control of the internal 


risingly precise. Miller and DiCara pride themselves on 
having trained some rats to perform a yogalike trick: dilat- 


other, a sophistication that Miller finds “eerie.” 


e internal organs, and the glands to highly specific forms 


tation of thinking about functions ordinarily concealed in- 
de the body.” 


ucceeded in training their hearts to beat in a normal 


Others, who suffered from hypertension, learned to lower 
their blood pressure, though the changes were too small to 
__ be very useful. Migraine patients cured themselves of 
7 __ headaches by increasing the -blood fiow in their. hands, 


atic as those in animals, nor did the people involved 
earn as rapidly, probably because the training conditions 
- could not be controlled as carefully—nobody wants to be 
paralyzed by curare, even though this seems to clear 
e decks for learning and to prevent such errors as using 
_ the skeletal muscles to fake progress. (Rats that have not 
been curarized also learn more slowly.) Much work re- 
‘mains to be done before it can be used as effective 
erapy. Nevertheless, there is growing evidence of success 
ith bio-feedback, especially in the control of the brain. 


‘rotransmitters, which meant that their central nervous sys- 
tems had become more excitable. Evidently the change in 


ie only for bigger and bigger changes. By “shaping” | 
1e rats’ heart rates in this way, they produced changes of _ 
ghly 20 percent in either direction, after only ninety 


Tgans was there. Not only was it there, it was also sur-— 


ing the blood vessels in one ear more than those in the 
These results opened up all parts of the nervous system, ie 
f training. None of these was “beyond voluntary control” — 
ny more. “There is only one kind of learning,” Miller de- 
ares happily. “We are now forced into a radical reorien- — 


Soon a number of patients whose hearts skipped a beat | 


‘manner through bio-feedback—at least in the laboratory. — 


which relieved their heads. These changes were not as dra- 
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their heart rate had trivsered changes in their brain 2 


chemistry as well as their behavior. 


The next step was to try to train the brain directly. This - 


time cats were the subject—wide-awake, noncurarized cats — 


that could move freely despite the long wires connecting 


their heads to lab instruments. The wires led to electrodes — 


implanted in their brains’ pleasure centers. A graduate stu- 


dent, Alfredo Carmona, stimulated some cats in these ~ 
pleasure centers every time they lowered the voltage of — 


their brain waves, and others whenever they raised it. Be- 
fore long, he had two different kinds of cats on his hands. 
The group that had been rewarded for high-voltage, low- 
frequency brain waves “sat like sphinxes, staring out into 
space,” Miller recalls. The other cats, which had learned 
to produce low-voltage, faster waves, paced about rest- 


lessly, sniffing and looking around. To make sure that this — 


was happening through direct control of the brain and not — 


through eye movements or some other activity of the 
skeletal muscles, Carmona repeated the experiment with 
_curarized rats and proved that they could change the 
rhythm of their brain waves at will. 

Could human: beings learn as well? “I believe that men 
are as smart as rats,” says Miller. “However, we may not 
yet be as clever at training them.” 


Very fittingly, the first person to AEX evidence of Zen- 


like control over the brain through bio-feedback was a — 


serene psychologist of Japanese descent, Dr. Joe Kamiya, 
of San Francisco’s Langley Porter Neuropsychiatric Insti- 


tute, whose early experiments antedated the Rockefeller — 
work. Kamiya had come to the problem from quite a dif- — 
ferent angle. He had long been interested in states of con- — 
sciousness—the inner states that change so radically dur- — 
ing dreams, under drugs, and at other times. However, his — 
training as a behaviorist made such vague concepts as ~ 


“mind” or “consciousness” taboo as subjects for research. 


Behaviorists were supposed to study only what could be — 


measured—specific stimuli and responses. So, while doing 


conventional research on EEG changes during sleep and — 
dreams in Chicago in 1958, Kamiya “bootlegged” some 
work on the EEGs of people who were wide-awake. He_ 
wanted to see whether he could train them to recognize — 
the comings and goings of various rhythms in their brains, | 
starting with the most prominent rhythm of all, the alpha — 
thythm, which Berger had discovered in 1924. He pasjed 7 


¥ 
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ontrollin Own Brain Waves — 


Every time he rang the bell they had to reply, and 


‘the time, which suggests that nothing more than chance 


sould guess right 60 percent of the time, by the third hour 
rey were right 75 to 80 percent of the time, and after a 
_ while some of the volunteers could actually guess right ev- 
ery single time—as often as four hundred times in a row! 
“The subject had learned to read his own brain, or his 
mind,” Kamiya announced. “He, had become aware of an 
‘internal state.” : 

ie: ven more exciting was something Kamiya discovered 
ax by accident: having learned to recognize his alpha waves, 


one of the volunteers also knew how to turn them on or 


: oft at will. And when Kamiya tested the others, he found 
that all his subjects were able to do so, at least to some 


_ ment had no previous preparation. They simply sat in 
_ dark, soundproofed rooms, with electrodes’ on their heads, 
_ and tried to keep a tone sounding. They were told that the 
| __ fone was turned on by their brain waves when they were 
gm certain mental states. After a while they were told to 
try to keep the tone off as much as possible. At the end of 
_ forty reversals, eight out of the ten could control the tone. 
_ When asked to turn it on, they had alpha waves 55 percent 
of the time, and when asked to turn it off their production 
_ of alpha dropped down to 17 percent. 
- However, they didn’t quite know how they did it. They 
© knew only that it couldn’t be forced. The more they tried 
_ to produce alpha, especially at the beginning, the less they 
had. They would try all kinds of tricks: mental arithmetic, 
thinking sexy thoughts, listening to their breathing, or fo- 
. _ cusing on the back of their head, all to no avail. Then 
they would give up—and suddenly improve. “Gradually 


| on their scalp, watched the pattern of their 
waves on an EEG, and rang a bell sometimes when 
pha rhythm was present, sometimes when it was abe 
ent, asking the volunteers to guess which state they were 


ach time he told them whether they were right or wrong. — 
During the first hour they usually guessed right only half 


was operating. But by the second hour of training they : 
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they'd sift out the crucial mental state from ‘what’s srcles : 
vant,” Kamiya said. It usually took at least four or five — 
sessions to gain any real control. Once they had achieved — 
good control, however, they retained this skill for weeks 
or months. Of the hundreds of volunteers he has trained 
so far, nearly all preferred alpha to the nonalpha state. 
What's so good about being in alpha? I-asked Kamiya, — 
“Here are the words that subjects use to describe it,” he 
replied. “Calm; alert; relaxed; open to experiences of all — 
kinds; pleasant, in the sense that to be serene is pleasant, — 
as opposed to the hassle of American life. It’s akin to the 
good feeling that comes from taking a massage or sauna ~ 
bath—a relaxed, put-together sort of feeling. It’s recep- — 
tive, as opposed to a getting, forcing frame of mind. You — 
have to let it occur spontaneously, then be happy you have — 
it.” te 
The alpha state itself is probably not creative, he ex- — 
plained. “But a poet told me that just before he’s ready to — 
write a good poem, he’s in a state that seems very similar — 
to high alpha. You see, alpha is a state of attention direct- 
ed towards letting things happen.” How can it be a state 
of attention, if you can’t focus your attention on anything — 
' in particular? I asked. “That’s one of the most peculiar 
things about it,” said Kamiya. “It’s probably best de- 
scribed as a shift in the focus of attention. You can’t © 
let yourself get drowsy, as this would take you out of al- 
pha. You remain alert, expanding your focus of attention 
~ in all directions.” 2 
Brain waves in the alpha range—a frequency of 8 to 13 . 
cycles per second—may represent the brain’s way of idling — 
between states of high mental activity and sleep. Some 
people, especially those who are introspective and intui-— 
tive, normally produce large quantities of alpha, while oth- 
ers produce very little. The reasons for this difference are 
unknown. Nor is it known which of these groups benefits — 
more from training, though all kinds of people can learn 
to increase their output. - : 
When Kamiya’s subjects told him- they felt calm and — 
tranquil in alpha, he realized at once that this sounded like ~ 
a Zen state. But he didn’t like the idea. Kamiya was still a — 
proper behaviorist, and he hadn’t planned to dabble in — 
meditation; he thought he was conditioning alpha. The — 
temptation was too strong, however, and finally he hooked — 
up some experienced Zen meditators to his EEG feedback © 
. rT = aR: 


“And so we found ourselves at the back door of a cen- 


- turies-old tradition that we, in the West, have very little 
‘understanding of,” he says. “Right now in the U.S., a 
- growing number of people, especially college students, are — 


interested in meditation. Many of them seem to have culti- 
vated their interest through drugs such as LSD. But I 


tation practices will be here in our culture to stay.” 
In Sanskrit there are twenty different names for varying 
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‘system, just to see how they would do. When they learned — 
to control their alpha waves much more rapidly than other — 
people, he was forced to take notice. 


don’t think it’s transitory—some interest in Eastern medi- 


a 


states of “consciousness” or “mind”—yet we are limited to. 


these two words. If Kamiya’s subjects find it so difficult to 
give satisfactory verbal descriptions of their experiences 
while turning on alpha, it may be partly a language prob- 


lem. However, he believes it really reflects the fact that “we 


have not been trained to name various physiological states. 
As children we have never been spanked or rewarded for 
them. Nor do we sit around the living room talking about 
how much alpha we’ve had.” 

He hopes that a “vocabulary of moods” will soon be de- 
veloped, a vocabulary much more precise than the words 
available to poets today. If you were a Martian and wanted 


to find out the earthlings’ dimensions of taste, he notes, — 


you could start out with sweet, sour, salty, and bit- 
ter, since all tastes are combinations thereof. But how 
would you begin to understand human moods and feel- 


ings? What are their basic dimensions? His long-range goal 


is to develop co-ordinates for the various qualities of ex- 


perience associated with brain-wave changes. Then one 
could describe a melancholy mood, for instance, as a spe- 
cific point on this map of consciousness. Kamiya is no long- 
er an orthodox behaviorist, but he still believes in precise 


_ techniques. ““We must be able to index ‘our experience,” he 


says. 
Kamiya’s vision of the future is one of benign, even 
beneficent technology. He visualizes a person of the 


twenty-first century sitting in an armchair, with electrodes 
pasted to his head and connected to a musical instrument. 
_ Each musical tone would be controlled by certain brain- 
__ wave dimensions. No muscular participation would be re- 


quired. The person would be expected only to sit back and 
isten to his moods. “He would lead his own orchestra, so 
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to speak. He would feel himself,” says Kamiya. In a way, 
it would be idiosyncratic music. But since all human 
beings are wired up in basically the same fashion,’ the 
tonal patterns associated with different moods might be 
pretty much alike for different persons. Others might then 
be invited to listen in. 

“Two lovers facing each other and a panel of lights or 
tones could play interesting games, or communicate in this 
complex way,” Kamiya suggests. “They would be freed of 
the difficulties people so often have when they try to ex- 
press their emotions in words. They could flirt through 
their brain waves.” 

Another Kamiya vision, which he finds less attractive, 
involves children with little light bulbs on top of their 
heads. Most teachers long for a way to know whether 
their pupils are really paying attention or just daydream- 
ing, he notes. Individual alpha-sensors might be the answer 
to their prayers. If each child had one, connected to a light 
bulb on top of his head, his light would shine whenever he 
was in alpha. This would warn his teacher that he wasn’t 
concentrating. On the other hand, if few of the children’s 
lights were on in a classroom, the teacher would know they 
were all working hard—unless,. of course, they were 
drowsy or asleep, which also stops the alpha rhythm. 

Turning this around, Kamiya foresees a new kind of | 
sensitivity training in which children would become aware 
of the goings-on inside their bodies and their minds and, 
eventually, learn to control them. “Just as children are — 
sometimes blindfolded and asked to name the objects they 
touch, to give them experience in sensing the outside 
world, they might be attached to feedback machines to 
learn about their inside world,” he says. “They might learn 
that when they have certain emotions, their palms sweat, 
or that when they’re excited, their heart beats faster. Fil 
bet a lot of kids, and certainly adults, don’t know when 
they’re angry. I think it’s good for a child to know if he’s 
angry, or happy, or anxious, to explore himself in different © 
states of mind.” After such training, even young children 
should be able to talk fluently about the “feel” of certain 
brain waves, or of changes in blood pressure. They. should ~ 
know how to deploy their attention with unusual effi- 
ciency. Perhaps they would also learn to produce more al- 
pha, which should atleast help them to relax. 

Kamiya himself doesn’t do “any of the meditation 
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.” He hasn’t even sat much in his lab practicing al- : 
rhythms—he’s far too busy. Perhaps a man who can 


a mire the cherry blossoms before the sun sets, as he did in _ 
_ Washington recently, doesn’t really need more alpha. Nev- — 
ertheless, a cult has grown around his experiments, and he 
- is deluged by letters and phone calls from people all over 
_ the country who beg him to let them serve as subjects so 
_ that they can get an “alpha high.” : 
The people who do become his subjects soon develop a 
_ jargon of their own, comparing their different brain-wave 
_ experiences as they might compare the pleasures of drugs 
_ or sex. They. like being in alpha. In many cases, it comes 
_ to replace marijuana or LSD. ; 
— Other eager students by the hundreds line up at the labs 
_ of the other pioneers in this field, especially that of Dr. 
Barbara Brown, of the VA hospital in Sepulveda, Califor- 
~ nia, and that of Dr. Lester Fehmi, of the State University 
of New York at Stony Brook. By now more than one hun- 
_ dred different research labs are working on brain-wave — 
~ training, and the number seems to double every year. 
But as fast as the legitimate research grows, the quacks 
_ proliferate even faster. They moved in as soon as alpha 
training hit the nation’s campuses,. and publicity in the 
mass-circulation magazines helped them along. California 
_ attracts the most vociferous hawkers, who promise people 
- anything—lose weight! find the man or woman of your 
- choice! learn intuition!—through expensive alpha training. 
__ There is also a nationwide chain of “Silva Mind Con- 
' trol” courses, which offer to teach “the new science of Al- 
_ phagenics,” or the control of brain waves, at two hundred 
_ dollars a crack—but does not even use an EEG machine! 
_ Special Seminars in Silva Mind Control have been adver- 
_ tised in leading newspapers, luring thousands of people to a — 
sales talk (which itself costs five dollars per person to 
hear) during which they are told that Mind Control accel- 
erates healing, controls pain, produces more “energy-vital- 
ity,” success, and intuition, leads to a higher “IQ factor,” 
- improves sleep, brings more friends, and so on. Claiming 
over ten thousand graduates from coast to coast, the ads 
_ describe Silva as a parapsychologist from the Institute of 
_ Psychorientology (whatever that is) in Laredo, Texas. He 
is said to have developed clairvoyance to such a degree 
vat one of his students, an eight-year-old girl, could close 


x 


stop in the middle of a business meeting to go out and ad- 
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her eyes and not only describe where one should drill for 
oil, but also what quality that oil would be. $ 

Perhaps one can’t really blame the Mind Control people 
for dispensing with alpha-feedback machines, considering 
the bugs in all but the most expensive models. Several 
manufactuers are now developing supposedly reliable bio- 
feedback trainers of various kinds, which should soon be — 
available for less than two hundred dollars each. But the 
alpha trainers that one can buy for home practice at 
present either don’t work or pick up too much interfer- 
ence from household current, eyeblinks, and other artifacts 
to be of any use. When I tried one recently—on my hus- 
band, who volunteered to go first—we had a maddening 
time trying to interpret the machine’s beeps and wheezes, 
which were supposed to represent alpha but came on only 
when the electrodes were jiggled accidentally, or when 
they were not attached to his scalp at all. Meanwhile, our 
nine-year-old son walked in and yelped with joy to see his 
father wearing an Indian-style strap around his forehead, 
with wires dangling from his head. He rushed upstairs to 
round up his older brother and a friend and show them 
the sight, despite our pleas that “the subject must not be~ 
disturbed. ...” It turned out later that the machine was 
out of order, as often happens. It seems that our experi- 
ence was not unique. Many researchers are hampered in 
their experiments because they have no equipment to give 
their trainees for home use. 

There are definite limits, then, to alpha training at 
home. Yet it has limits even in a research lab, with the 
best of equipment. In a speech before the Massachusetts 
Psychological Association in May of 1971, Dr. Thomas B. 
Mulholland, chairman of the recently formed Bio-Feed- 
back Research Society, threw some cold water on what he 
called “the alpha cult.” There is no evidence that having 
lots of alpha rhythms is associated with any special mental 
powers, he declared. There is no evidence that it brings re- - 
lief from physical or mental disease. It is not instant yoga. - 
Alpha is the commonest phenomenon in the EEG: if you 
close your eyes, you usually get a burst of alpha, and most , 
of us slip in and out of alpha several times a minute. Ordi- 
nary people with no insight into meditation will show large 
quantities of alpha. Children will, too. Millions of people 
have lots of alpha—but not many people meditate under 
those circumstances, or develop insights into themselves. 


Controlling One’s Own Brain Waves 


cause of most of its so-called benefits. 
“By taking time out to be relaxed yet awake for an 


that time are not specific to alpha, however. Rather, they 


_ depend on the person’s expectations or fears. In some = 


_ cases, “the tone (which indicates alpha) becomes so val- 
* ued that hearing it makes them feel successful, comfort- 


able, and relaxed,” he said, “while not hearing it brings ex- = 
pressions of failure, discontent, and tension, even when the — 


alpha occurrence is about the same.” : 
He did concede that if a person has alpha, he must be 
relaxed. Hence, training in alpha could be useful for those 
who are normally too tense, though of course there are 
many other ways of relaxing as well. In Mulholland’s own 


tion of alpha, but how to suppress it, to see whether this 
will lead to higher levels of attention. 

Between this negative position and the exaggerated, 
claims of the alpha charlatans lie two facts: (1) Some 
people can learn to control their own brain waves with 
Apio-feedback, at least to some.extent; and (2) there is far 
more to brain rhythms than alpha—and even alpha con- 
sists of several slightly different rhythms. 

“Most of the researchers who have worked with alpha 
feedback have reported striking success. Barbara Brown 
writes that in her California laboratory, “the average sub- 
ject had more than doubled the amount of alpha in his 
EEG by the end of the first practice session, and tripled 
‘the amount in the third practice session. The increase in 
abundance of alpha occurred with the eyes open [this is 
supposedly much more difficult, since closing one’s eyes al- 
most automatically produces alpha] and while the subject 


blue light, rather than a beep].” By the third practice ses- 
sion, their production of alpha reached a high of 60 per- 
cent of all BEG activity—as much or more than the aver- 
_ age person shows when he has his eyes closed and is very 
relaxed. She adds that her trained subjects achieved such 


was trying to keep the light on [her feedback signal was a 


Mulholland suggested that the state of quiet in which peo- oe 
‘ple must remain during alpha training might be the real 


ri 


hour in a quiet place, people are finding out that they _ 
have thoughts,” he noted acidly. “For some, this experi- 
_ ence assumes the status of a major insight.” The content _ 

of their thoughts and the quality of their moods during 


lab, subjects are taught not how to increase their produc- © 
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control that eventually they were able to do without EEG ~ 
feedback. They simply turned alpha on or off at will. _ 

In her next experiment, she used lights of three different 
colors to represent three different kinds of waves: alpha, 
beta, and ‘theta. Our understanding of these basic brain — 
rhythms is still so primitive that Dr. Brown simply tried to 
find out what sort of feelings or moods are related to each’ 
one. Beta waves’ (14 to 30 cycles per second) are faster 
and smaller than alpha (8 to 13 cycles._per second.) Theta 
waves (4 to 7 cycles per second) run slower and bigger 
than alpha. And the slowest waves of all, delta (which she 
did not include in the experiment), vary between .5 and 
3.5 cycles per second, a rhythm dominant in sleep, in in- 
_ fancy, and in brain disease. 

After watching the colored lights change—a reflection 
of the change in their brain waves—Dr. Brown’s twenty- 
six subjects wrote down what they had felt during each 
color. The alpha state was generally experienced as pleas- 
ant and tranquil. During the faster beta state, fourteen 
persons reported feeling worry, anger, fear, frustration, or 
excitement. Theta, the rarest state, did not stand out too 
clearly in their minds, but eight persons reported that they 
_had been busy with some sort of problem-solving. Ac- 
cording to Dr. Brown, the consistency of the comments 
about each state showed that people can identify different 
rhythms in their brain. She hopes that training in the theta 
rhythm will lead to “a sensational increase in the efficacy 
with which the mind works.” 

It may turn out that the most interesting changes in 
consciousness come not from being in alpha more of the 
time, but from changing the frequency of one’s alpha 
waves, or going into theta, This, too, can be learned, 
judging from preliminary experiments at the Menninger 
Foundation, the famed psychiatric center in Topeka, Kan- 
sas. : 
Some strange things have been going on in Topeka re- 
cently, and the good doctors in the clinical department, » 
which is concerned with such practical matters as making 
sick people well, are watching it all with mixed feelings— 
from a distance. In a spanking new building surrounded’ 
by greenery, the Gardner Murphy Research Building, Dr. 
Elmer Green, director of the Psychophysiology Lab, is - 
trying to train people to go into states of creative reverie. 
He is one of a new breed of renegade physicists, a man 
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got tired of working on weapons development and 


of Chicago. There he became fascinated by the problem 
of how the unconscious processes in mind and body work — 


 together—how one can speed up healing, for instance, by 
inner control. “Everybody knows that if you worry, you 
can get ulcers,” he says. “If that’s true, the opposite is also 

true! If there is psychosomatic illness, there is also psy- 


chosomatic health. The thing that isn’t understood is how 


- the lower brain centers control healing, how they’re pro- 


gramed.” 

Body and mind fit together almost perfectly, so that if 
you disturb one, the other is also disturbed. That’s why | 
chemicals work as mood and emotion changers, he says. 
On the other hand, “if you give people some good news, 
maybe a dozen important physiological processes go 
through change. Bad news can make them faint. Both sets 
of changes occur just because they heard somebody say 
something.” ss 

Dr. Green’s studies aim at finding out how a person’s 
will enters into the picture—how it can bring about such 
changes in body and brain. He refers to hypnosis as a sort. 
of shortcut, in which the subject’s attention is so fixed on 
the hypnotist that there is less activity in the cortex 
(which is why subjects later report amnesia for this 


7 period), and the hypnotist can talk directly to the lower 


centers of the subject’s brain. He has been much influ- 


ee enced by the work of a German doctor, Johannes Schultz, 


who developed a system of self-regulation called autogenic 
training early in this century. Despite its considerable suc- 
cess, autogenic. training has remained almost unknown in 


the United States. Green happened to see a British book 
on it while he was in Chicago in 1959, and he liked its 


combination of the self-control aspects of yoga with some 
techniques taken from medical hypnosis. “About the time 
that Freud gave up hypnosis as a tool because it was un- 


_ dependable,” he says, “Schultz decided that it apparently — 
was undependable because the patient, not being in control 
of the situation, in one way or another sometimes resisted 

the doctor and prevented the entire control.” Schultz 

therefore put the patient in charge of the situation, in a 
_ kind of self-hypnosis coupled with graduated training exer- 

- gises, and eventually taught many persons to control their 


ie 


quit, at the age of thirty-seven, to spend the next four — | 
years studying physiological psychology at the University 


} 
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autonomic processes. Unfortunately, as with yoga, this 
took a long time to learn. if 

In 1964, Gardner Murphy invited Green to come 40 
Menninger and start a psychophysiology lab so that the 
Foundation’s psychiatrists and psychologists could have a 
place to study what went on in the body during various, 
psychological states. At the same time, Murphy pointed | 
out to Green that an interesting new technique, bio-feed- 
back, had just been developed, and he suggested that 
Green combine it with his work on autogenic training. 
Green was delighted. Since then, he and his wife, Alyce, a 
psychologist, have been among the most active researchers 
in this field. ‘ 
~ “Feedback is a very powerful tool,” says Green, who 
has found it allows people to learn various forms of con- 
trol much more quickly than with autogenic training— 
alone. However, certain tasks remain extremely difficult, 
even with feedback, and some phrases from autogenic — 
training seem to point people in the right direction by giv- 
ing them a “feel” of what is required. 

To see how their dual system worked, I accompanied 
the Greens as they gave a demonstration of feedback 
training to a class at Unity Village, the headquarters of 
the United School of Christianity in Kansas City, Missouri. 
They took with them twenty-five temperature-training in- 
struments called “thermistors.” These were highly sensitive | 
' meters, designed at Menninger, which could detect minute 
changes in temperature and could be adjusted to distin- 
guish between two parts of the body. The students, most 
of them middle-aged and lonely-looking, would practice 
with the meters for a week on their own, but during this 
first session the Greens wanted them to have the pure ex- | 
perience of relaxing, unhampered by the need to watch © 
the needle go up or down. Therefore they worked in pairs: 
each student recorded his partner’s progress, rather than 
his own, and then changed places. I mixed in with the stu- 
dents to try it out. When everyone. was seated, Mrs. 
Green, a youthful, white-haired woman who has worked 
beside her husband for years (while also raising their four — 
. children) took over the session. af 

The purpose of the exercise, she said, would be to make 
our hands get warmer and our foreheads cooler—a sign — 
that we were relaxed. She told us to pick up the tiny ther- 
mistors, which looked like grains of pepper embedded in — 


oP 
our forehead with Scotch tape, while keeping the other 


stuck on the third finger of our dominant hand. “The ma- — 


chine will show the change in temperature that you're ac- 
complishing,” she said. “But you must tell your body what 
to do in a way it can understand—by visualizing, imagin- 
ing, feeling. That’s the language of the body.” 

In a calm, quiet tone of voice, she then began to read 
the autogenic phrases, phrases which we were to say to 
ourselves as well: “I feel quite quiet ... I am beginning to 


feel quite relaxed ... My feet feel heavy and relaxed... 


Warmth is flowing into my hands, they are warm, warm 
...” There were some noises outside the classroom, but 
they did not disturb us. I felt as if I had sunk into some 
kind of warm bath where I was getting hotter and hotter, 
close to sleep, vacant, aware of what was going on in the 
outside world but caring little about it. Time seemed to 
stretch out forever. When Mrs. Green brought the session 
to an end with the words, “I feel life. and energy flowing 
- through my legs, hips, solar plexus, chest, arms and hands, 
neck and head,” it was a real effort—and quite unpleas- 
ant—to come out from what had definitely been a “differ- 
ent” state. I glanced at my partner, an elderly, retired 
_ businessman. He was smiling. It seems the meter had told 
the whole story: the temperature difference between my 
hands and forehead had risen from zero at the beginning 
of the exercise to 1 degree Fahrenheit after the fourth au- 
togenic phrase, 2 degrees after the eighth, 214 after the 
tenth, and remained at that high level until the final 
phrase, when it suddenly dropped back to less than 1. 

This is “passive volition,’ Dr. Green explained to the 
class later. “You tell the body what you want, and you let 
the body take over.” Blood fiow to the hands is a good tool 
to work with because it indicates so clearly whether the au- 
tonomic nervous system is relaxed, he said.’ The autonomic 
nervous system is a dual mechanism, consisting of the para- 
sympathetic system, which slows down the body, preparing 
it for relaxation and rest, and the sympathetic system, which 
prepares it for fight or flight. Generally these two systems 
put limits on one another. But the blood flow to the hands 
is controlled only by the sympathetic system, which re- 
_ sponds to anxiety—this is why anxiety produces such cold 
hands. Warming the hands thus cuts down the outflow of 


~ the system that is connected with tension, and “if you can — 
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plastic at the tips of thin electric wires, and place one on 
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warm up your hands, you have to relax the autonomic — 
' pervous system.” : 
_ It is quite an easy trick to learn. The autogenic phrases 
are used only at the beginning of training. The feedback 
meter is used for a somewhat longer time, but after a 
while people can even dispense with that and raise the 
temperature of their hands by sheer concentration. Such 
control is particularly useful for people who suffer from 
migraine or tension headaches. The Greens value it as a 
sort of setting-up exercise to show new subjects how easy | 
it is to produce physical changes through the mind, and 
also to prepare their autonomic nervous system, which 
must be relaxed before they can “go down the well” to the 
deeper, more internalized state the Greens call “reverie.” 

“Going down the well” of one’s consciousness usually 
means lowering the frequency of one’s brain waves, the 
Greens have found. In their lab, subjects reported the most 
interesting, dreamlike images at the time that their alpha 
waves decreased in-frequency from 10 to 8 cycles per sec- 
ond, or from 8 to the slower theta rhythms. 

“If you want to have a creative solution to a problem — 
you’re stuck on, or a creative idea, how do you program 
yourself?” asks Dr. Green. He points out that people often — 
get their most unusual ideas when they’re not actively 
thinking about the subject. The ideas “just sort of come in, 
full-blown. Quite a few people have learned to lie down | 
and go into a reverie, or a dreamlike state, for this pur- 
pose.” 

Since deep reverie is usually associated with low-alpha — 
or theta rhythms, it might be possible, through feedback, 
to train people to become more creative, more in tune with 
their unconscious, by training them to produce more theta. 
This is the goal of the Greens’ present experiments. Hav- 
ing done pilot work on themselves and a group of friends 
(and developed,--at last, enough reliable portable EEG 
feedback machines to allow feedback practice outside — 
their laboratory), they are launching an ambitious pro-— 
gram of alpha and theta training for college students. At — 
nearby Washburn University, in Topeka, three machines 
have been placed in small rooms. A group of students — 
practices with these machines one hour a day, every day, 
between weekly sessions at the Menninger lab, keeping a 
diary of their experiences. The images that one has during 
theta are usually too fleeting to remember—a tragic loss 
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artists—but apparently one can be trained to grab hold. 
of them. In their lab, the Greens interrupt the students at 
various times during their feedback training, especially 
_ during periods of theta, to ask what was going through 
_ their minds. Four of the eight members of their pilot 


_ group gradually learned to increase the proportion of their 


theta waves and also to report on their mental images, af- 
ter which they would go back into theta. The Greens hope 
a the students, and other people, will learn to do so as 
— well. 

Like stereo buffs, the devotees of bio-feedback develop 
certain routines or rites. I watched the Greens wire up 
their daughter, Pat, a handsome young woman who has 

' followed the family pattern by becoming a psychologist. Pat 
had come in for a regular session with the theta-wave pi- 
- Jot group. First Mrs. Green parted her daughter’s long 
hair in back, carefully marked a spot on her scalp (one 
inch above the inion, a small rise on the back of the head, 
then half an inch to the right, on the occipital, or visual, 
area), and applied some whitish electrode paste. Then she 
rubbed the spot vigorously with a wooden manicure stick 
until the skin around the paste became bright pink. The 
paste, she explained, is just an abrasive that is used to help 
the electrode “make a good contact.” This was followed 
by a dab of sticky clay, to prevent the electrode from slip- 
ping. The electrode itself, a small, flat, metal disk with a 
dangling wire, was then placed securely in the clay. Other 
devices with trailing wires were attached to three of Pat’s 
_ fingers, an ear lobe, her wrist, her chest, her left 
__» cheekbone, and a spot over her right eyebrow, to give the 
lab complete records on her temperature, blood flow, res-- 
' piration, and eye movements. All the wires then had to be 
tested. Naturally some adjustments were necessary. It took 
a good forty-five minutes of tinkering, but finally Pat was 
ready. Reclining on a comfortable chair in a softly lighted, 
quiet room, she started out ®ith some exercises in concen- 
- tration. Shortly afterward, she lay down on a couch next 
to her chair and began to produce long trains of alpha— 
regular wavy lines with a characteristic pattern of small, 
_ large, then decreasing amplitude, repeated many times. 
_ For extended periods she produced nearly 100 percent al- 
pha; nothing else happened for the next hour. The nervous 
pens of the recording machines scribbled on -pages and 
_ pages of folded graph paper, which piled up on the floor, 
, en z 
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resembling a large accordion. I found it rather boring to f 
watch such voluminous records being turned out. Though 
Pat’s production of alpha waves was high, their frequency 
did not change and she had almost no theta. It was a dis- 
appointment for me—people who try this kind of training © 
should be prepared for it—but Pat seemed quite elated by 
her experience, despite her lack of theta. 

If the Greens had any doubts that some people can, 
in fact, produce theta waves at will, these were dis- 
pelled by the Swami’s visit. The swami—H. H. Swami 
_ Rama, forty-five years old, a student of yoga in northern 
India since the age, of four—had been sent to. the United 
States by his guru to tell the West about the effects of yo- 
gic training. He spoke good English, but knew hardly any- 
one in this country and had arrived in Topeka by letting 
things take care of themselves: a business executive whom - 
he had met in San Francisco had invited him to lecture in — 
Minneapolis, where a man in the audience, a psychiatrist 
who had trained at Menninger, happened to remember 
reading about Dr. Green’s experiments. It took just one 
long-distance call to make a. happy match, and soon the 
Swami was on his way to the Greens’ lab. 

The first thing the Swami did was make one half of his 
right palm 10 degrees warmer than the other half. “Be at- 
tentive, I will do something,” he had announced just be- 
fore he began. As the Greens watched, one part of his” 
palm slowly flushed as if it had just been slapped, even 
though the Swami remained completely motionless. Simul- 
taneously, the meter that indicated temperature on that 
side shot up. It is hard enough to make one hand warmer 
than the other, Dr. Green told me, but to control with 
such precision the two arteries leading to one palm seemed 
almost unbelievable. The Swami said it was more difficult 
than stopping his heart, which he could also do, as he 
demonstrated the following day. First he made his heart 
slow down from seventy-five to fifty beats per minute. 
Then, suddenly, he produced an atrial flutter, during which 
his heart beat so rapidly that it could no longer pump 
blood—the kind of flutter that normally results in fainting 
or death. He maintained this state for seventeen seconds, 
apparently unharmed, and immediately afterward went off 
to lecture. “My heart is my toy,” the Swami said, with — 
some pleasure. He had played with it all his life, and if he — 
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ed he could enter a state much like hibernation, in — 
hich all his vital processes would be slowed down. ot 
The Swami carefully examined the lab’s equipment, — 
which seemed to impress him. When it was time to record — 
his brain waves, he allowed the electrodes to be placed on 
his scalp and sat down in the experimental room—but he 
produced only the fast, active beta waves. Day after day, 
for two weeks, he appeared unable to relax or meditate. — 
_ The Greens were completely baffled by this, and the 
Swami looked miserable. Finally he blurted, “These two | 
weeks have been wasted, just wasted!” When Dr. Green | 
asked him why, the Swami said he’d been worrying too — 
much. “If only you hadn’t told me that the polygraph pa- 
per cost sixteen dollars a box!” He couldn’t bear to think 
of that large quantity of expensive paper coming out of 
the machines and piling up on the floor, wasted on him. 
_ The Greens assured him that this would not bankrupt the 
_ project. Relieved, the Swami lay down again, and fifteen 
minutes later said he was ready. After some trains of alpha 
waves, he produced a high volume of theta—75 percent of 
his brain activity for five minutes, an exceptionally high 
percentage. The following day he produced even slower 
waves, the delta waves of deep sleep, while remaining 
_ fully conscious. “I couldn’t believe it, but he did—and he 
_ was not asleep, even though he snored,” says Dr. Green. . 
_ “He reported 90 percent of the test sentences Alyce read 
_ him, which is better than I could do, and I thought I was. — 
__wide-awake!” 
Asked how he did it, the Swami credited concentration. 
“Alpha waves are nothing,” he said, meaning that they 
_ were very easy—he simply thought of nothing during that 
' time. Theta waves came when he stilled his conscious 
mind and brought the unconscious forward. Delta waves, 
which he called “yogic sleep,” resulted from stilling 
_ his mind and his brain at the same time. They were partic- 
ularly refreshing—in fifteen minutes he could get an hour’s 
- worth of good sleep. 
As soon as the Swami learned which of his internal 
_ states corresponded to the names alpha, theta, and delta, 
he could predict with complete accuracy which brain 
_ waves he would produce. : 
_ This at least showed the extent to which brain-wave 
control is possible after long yogic training. How much 
can be achieved by the average person after a relatively 
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short period of bio-feedback training, however, remains an 
open question. “Training the body is like training a dog,” 
says Dr. Green. “You need to fix its attention firmly and 
hold it long enough.” The curare used in Dr. Miller’s lab 
may have been so effective because it cut off all feedback 
from the skeletal muscles of animals, thereby eliminating 
distractions. Are there less drastic ways of speeding up 
feedback training for human beings? Researchers at 
Rockefeller University are now looking into several possi- 
bilities. One way might be to have the computer monitor 
many different parts of the subject’s body simultaneously, 
to make sure that he is never rewarded for an indirect re- 
sponse. Dr. Miller also suggests trying hypnosis, to pro- 
duce relaxation and to increase the emotional content of 
the signal that acts as a reward. 

There is some question, too, whether bio-feedback train- 
ing can change people quickly and profoundly enough to 
be of real therapeutic value outside the laboratory. Can a 
person who is seriously ill with heart disease or hyperten- 
sion actually rely on his new powers of self-control? Or 
will they desert him in time of crisis? After all, even the 
Swami found it hard to concentrate while he was anxious 
about causing what seemed to him a monstrous waste. 
Bio-feedback’s major‘ contribution to medicine may be in 
the early prevention of disease, in re-educating people be- 
fore they cause permanent damage to their internal or- 
gans, 

It might also lead to a healthier way of life. At the Uni- — 
versity of Colorado Medical Center, Thomas H.. 
Budzynski, a psychologist, has started re-educating insom- 
niacs by training them to produce slow brain waves. Be- 
fore giving them EEG feedback, he trains them to relax ~ 
their forehead muscles through feedback from a different 
instrument, the electromyograph (EMG). Learning to 
relax these muscles produces a general relaxation, which 
he considers a prerequisite for slow-alpha and theta 
rhythms. Two of his three pilot patients learned to fall - 
asleep readily in this way. Budzynski hopes that millions of 

_ people will give up barbiturates and tranquilizers, replac- 
ing them with feedback training. He expects theta feed- 
back to speed up psychotherapy by giving patients freer’ 
access to previously repressed thoughts, and he points out 
that anyone who wants a good look at his inner world 
might benefit from such training. 


Th Te can te no quarrel with these atelage at aipote 
cation and self-control. However, some well-financed re- 
“searchers, many of them working for the Department of — 


_ Defense, have been developing a very different approach 


_ to bio-feedback. Their goal is simply to improve the per- 
formance of men in combat and other emergencies. They _ 
speak the language of strict behaviorism: they refer to — 
“modification of behavior through operant conditioning,” — 
“optimal schedules of reinforcement,” and other terms 
taken from standard methods of training rats. Although 
“personnel” are to be trained in self-control, it is always in| 


+ the interest of a mission rather than for their own sake— 


somewhat like teaching soldiers to obey whenever they 
hear an order. 
The Advanced Research Programs Agency of the De- 


— fense Department (ARPA) sponsors. what is probably the 


most ambitious program of bio-feedback research in the 
country, interesting work which may prove of great value 
if it is not misused. It includes, for instance, a project start- 
ed by Dr. Jan Berkhout of UCLA’s Brain Research Insti- 
’ tute, a quick, clever, extremely verbal young psychiatrist 
who had done some previous work on electrical stimulation 
of the brains of mental patients. At the Institute he traced 
- the telltale EEGs of normal persons when they found cer- — 
tain questions stressful (e.g., “Do you masturbate?”), to 
develop a more accurate measure of stress than the lie de- 
tector. Now he is trying “to condition or enhance” brain- 
wave patterns that are associated with good performance. 

Dr. Berkhout told me that he “violently disagrees” with 
- those who see feedback as the gateway to states of tran- 
_ scendental meditation. “My own bias is an interest in end 
performance, not in states of being or conversation with 
- cosmic spirits,” he declared. His present project involves 
- comparing EEG patterns from two different areas of the 
- head, to see how they are related during perception or 
learning. Some work with monkeys indicates that the best 


- time to assimilate and store new visual information may 


- be when brain waves from the visual area of the cortex — 


| are synchronized with those from the visual part of the re- 


ticular system, the system that produces arousal. Such syn- 
ea chrony is called “coherence,” and if it turns out that hu- 
man beings, too, learn best during-such coherence, he will 
_ try to train people to produce more of it. This training 
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should allow soldiers, and others, to increase he ican 
ability: at will. 

Other ARPA goals are to train soldiers to heighten their 
senses of sight, hearing, and smell through bio-feedback, 
so as to “avoid ambush and seek out enemy forces and 
equipment in the field’; to monitor their own alertness, so 
‘they can avoid becoming drowsy or inattentive while on 
guard duty; to control fear; to control pain by regulating 
the action of fibers in the spinal cord; and to control body 
temperature—not for relaxation, but for quite specific rea- 
sons, such as reducing the swelling and pain of injuries (by 
cooling) or improving underwater performance by raising 
the temperature of hands and feet in spite of the cold. 
ARPA is also concerned about the chronic sleep loss suf- 
fered by so many infantrymen. One group of researchers 
under contract to the agency is studying whether EEG — 
feedback could teach men to fall asleep more rapidly, so 
as to make the most of the time they have, while another 
group aims to find out whether sleep is necessary at all in 
such conditions—perhaps .some state between sleep and 
rest, which still permitted some kind of vigilance, might be 
more beneficial. 

Even if all these goals were attainable, which is doubt- 
ful, there remains the problem of how large numbers of | 
soldiers would be taught to reach them. ARPA has wor- | 
ried about this. Learning self-control takes work and con- 
_ centration—would the average recruit go to all this trou- 
ble just to see a signal that he is doing well? Would a beep 
be an adequate reinforcement? To be on the safe side, 
ARPA is looking into the possibility of giving men more 
concrete rewards for good performance on the feedback 
machines. 

And so this tool of self-mastery, bio- feedback, could be- 
come just another, more efficient instrument of mass con- 
ditioning. 

The difference between operant conditioning and self- 
education through bio-feedback is sometimes elusive, but it 
is important: it’s merely a question of who is at the con- 
trols. In operant conditioning, the experimenter decides on 
tasks, rewards and punishments, and the subject may not 
even know that he is being changed. In self-education, a 
person learns to bring a normally unconscious process un- 
der conscious control and gains an extra measure of free- 
dom. 
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. F. Skinner’s opinion, we have no choice but to 


- use operant conditioning, in one form or another, to 
_ change people’s behavior. He believes this is the only way _ 


_ the researchers involved in bio-feedback believe that man 
- ean change himself through voluntary action. He can re- _ 
shape his personality, improve his health, in a sense re- — 

_ make his world through bio-feedback. ies 
The possibilities seem nearly unlimited. In Detroit, an i 
EEG researcher, Dr. Ernst Rodin, has been studying a 

- whole realm of high-frequency brain waves not normally _ 
"recorded by the standard EEG machines. Since they ap- _ 
_ pear related to the activity of the deeper brain centers, 
_ they may lead to important advances in bio-feedback — 
training. In Los Angeles, Dr. Barry Sterman has isolated 


- to ensure peace without repression. Disagreeing, most of 


_ several interesting brain rhythms that previously had no 
- name. When he trained cats to increase their production _ 


of these rhythms (by offering them milk rewards), their — 

_ behavior changed radically. One group of cats, which he 
rewarded for what he called the “sensorimotor rhythm” 
(12 to 16 cycles per second, from the sensory and motor. 
areas of the cortex), became motionless, as if frozen into 
stage attitudes. This training had specific advantages: it led 
to unusually peaceful, unbroken sleep, slowed down the 
| cats’ heart rates, and gave them exceptional resistance to 
_- certain drugs. Instead of going into convulsions after being 
exposed to a poisonous compound used in rocket fuels, for 
instance, these cats took on odd, rigid postures that 
_ seemed to ward off the seizures—even three months after 
_ their training. This is a clear indication that epileptics may 
_ someday learn to control their seizures through bio-feed- 
back. ; 
Another Sterman experiment suggests the fascinating 
possibility that people may learn to tap their own brains’ — 
- pleasure centers to produce contentment on demand, with- 
out surgery. Dr. Sterman had noticed that a certain 
_ thythm appeared in the brain waves of cats right after 
they received a milk reward and while they were drinking 
the milk, but never when the cats were too hungry. to feel 
good. It seemed related to their feelings of satiety, or en- 
_ joyment. He then set out to condition some cats to pro- 
- duce more of this rhythm (a slow wave, 4 to 12 cycles 
per second, which encompasses theta and most of alpha 
d which he dubbed the “post-reinforcement rhythm”). _ 
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He soon discovered that the more of this rhythm they pro-— 
duced, the less they cared about their milk rewards. They 
just lay down in the conditioning chamber, their eyes 
closed, purring, as if in a state of bliss. 

For people who experience little pleasure in life, such 
training might be a revelation. It could lead to profound 
changes in personality, turning a normally. tense or 
grouchy person into one who is fulfilled and well disposed. 
Possibly this sort of training in early childhood might also 
reduce the “fight-or-flight” reactions that so often cause 
aggressive behavior and violence in later life. 

Bio-feedback is a very new field of research, and it is 
moving along with explosive speed in many directions. 
“We are now embarked on a historic search into our inte- 
rior to see what has always before been hidden to man,” 
Gardner Murphy told members of the American Psychiat- 
ric Association recently. “It is a shocking possibility. 
What shall we see? Are we prepared, really, to face the 
tremendous blinding flash that’s going to come?” 

Along with all the discoveries of what our brain, our 
muscles, and our autonomic nervous system are doing, Dr. 
Murphy warned, will come some larger questions—some 
very sticky, complicated philosophical issues, like the 
nature of individuality—which now lie half concealed in 
the research reports. Though the notion that we can’t ob- 
serve the process of thinking is quite old, it may no longer © 
be true. “What with feedback, and slow motion of all 
sorts, and tremendous gains in equipment, so that what is 
little becomes enormously big to the observer, perhaps be- 
fore very long the little indirect awarenesses—such as 
when I become aware that my words aren’t clear, I must 
hurry, I mustn’t overstate my case, and so forth—all these 
little phases of thought will be right there on the panel.” It 
may even be possible to observe evidence of the will, or at 
least of decision-making, and the final confirmation of an 
act of will. 

“There is only the limit of our own ingenuity,” he de- 
clared. While some of the claims now being made by the 
bio-feedback researchers may turn out to have been over- 
bold, Dr. Murphy concluded, most of them will prove to 
have been not bold enough. 


Chapter Five — 


Drugs—the Easiest Way to | 
Change the Brain 


You are told that you will have a “peak” experience of ec- — 
stasy and overwhelming beauty, an experience that may , 
change your life. You walk into a comfortable living 


room. You greet the psychotherapist, whom you have 


come to know quite well in the past two weeks; he is now 
your friend and will soon be your guide. 

You lie down on a sofa, next to a stereo set and some 
inspirational records: harp music, the Saint Cecilia Mass, 
Death and Transfiguration. You receive an injection of 
LSD. Then you put on eye shades to blot out all images 
but those conjured up within you. You clamp on ear- 


a phones to intensify the effects of the music, And you try to 


let go. 


This is no illegal trip with black-market drugs, but a 
carefully monitored session of “psychedelic peak therapy,” 
during which, the doctor hopes, you will have a profound 
mystical experience. If you do find religion in this way, 
you may be cured of what ails you—alcoholism, heroin 
addiction, neurosis. Even if you don’t go all the way, if 
you don’t feel “reborn” or united with God, you may still 
gain many of the benefits of psychotherapy, despite the 
relatively short period of treatment, because of the way 

X 


the sessions are structured. 


_ Almost anything can happen under LSD, the most pow- 


erful psychedelic drug known to man. Psychedelic means 
_ “mind-opening,” and LSD opens the mind so that every- 


=: 
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thing i is accepted uncritically: specters from one’s uncon- é 


scious, as well as noises or phrases from one’s immediate 


surroundings. Even a speck of LSD makes one extremely 
suggestible. It breaks down the boundaries between one’s 
self and others, inducing hallucinations. Their content, 
however, depends more on the setting than on the drug. 
This is why the therapist plays a decisive role during LSD 
sessions at the Maryland State Psychiatric Research Cen- 
ter in Spring Grove Hospital, Baltimore, one of the few 
centers still allowed to do research with this controversial _ 
drug. Well before the session, the therapist prepares the 
patient to expect an overwhelming transcendental experi- 
ence. He gains his trust. He encourages the patient to let 


himself be completely swept into the experience when it 


comes. He promises to stay with him-for the full ten or 
twelve hours of the drug’s effect. 

On the big day, fresh flowers are brought into the treat- — 
ment room. A hand mirror, pictures of the patient’s family, 
and carefully selected musical records are provided as pos- 
sible props. The therapist is then ready to stage-manage 
the event. For a long and grueling day he will sit next to 
the patient, guide him, reassure him when necessary, have 
him sit up and talk at times without either music or eye 
shades, ask him leading questions, help him interpret what 
he sees, hold his hand, sometimes even hug him if he goes 
through a moment of terror. 

The peak experience, if it occurs at all, usually comes 
around the third or fourth hour after the intake of LSD. 
The therapist then attempts to stabilize it, so that the pa- 
tient remains in an elevated mood for the rest of the ses- 
sion. Success means that the danger of panic or other up- 
setting reactions is over. On the following day, patient and 
therapist get together again to review what happened. In- 
tensive therapy, without further LSD, continues for a few 
more weeks. 

In their work with hard-core confirmed alcoholics, psy- 
chiatrists at the Maryland center have found that roughly 
a third of the patients who were given large doses of LSD. 
achieved profound psychedelic peak reactions, generally of 


a religious nature. These experiences apparently shook 


them out of their characteristic alienation and negativism. 
Here is how one man described it: 

“Images began-to flash through my mind,” he wrote. 
“They were so fast, however, that I couldn’t catalogue 
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myself near the bottom of a huge, filthy pit. It seemed to 
_ be bottomless and was crawling with horrible things such _ 
as octopi and enormous, odd-shaped frogs. I tried to crawl _ 
my way out of the pit and finally got near the top. Look- 
ing down, it was horrible.... Huge vats and casks con- 
taining whiskey were being poured into this slimy pit. It 
seemed that all the whiskey in the world was being 
dumped there. I began to cry. A feeling of deep guilt and 
remorse had come over me. The doctor had me sit up. In 
discussion with him, I realized the significance of this ep- 
isode for my own experience with alcohol. After my 
crying spell, I felt relieved and cleaner inside. 

“Once again I reclined on the couch. The music became 
more meaningful to me.:... A tremendous feeling of exal- 
tation came over me. It kept growing in intensity. I felt 
rapture and ecstasy. Each moment I thought I had 
reached the zenith of rapture and joy; then the intensity 
and ecstasy would increase... .” 

Later on, the therapist handed him a mirror. bd f 

looked,” wrote the patient, “but I didn’t like what I saw. 
_ As I watched, to my utter horror, my image in the mirror 

began to age. My face became older and worn. I saw my 
skull disintegrate and turn into ashes, and the ashes were 
me. In shock and horror, I turned away from the mirror. 

The doctor reminded me that what I had seen had come 

from me, that it reflected some aspect of myself. Perhaps 

I feared that what was in me could lead only to waste and 

_ tuin. He urged me to confront the fear, since I had al- 

ready discovered much in myself of value. I understood. 

He encouraged me to look again in the mirror. This time I 
saw my face in its normal state, and as I did, I realized 

- how deeply afraid I had always been. I knew that I had 
long been running from this fear, but that I would run no 
longer. ... 

; “Sometime after this, when I was reclining again, I felt 
the presence of God and a warm sense of compassion en- 
veloped me. The sense of God that came over me was un- 
like anything I had ever known. I thought again of how 
deeply I loved my wife... . I felt that I could never be the 
same man again. I felt pure, holy and clean.... This was 

_ the most satisfying and majestic day in my life.” 

Eighteen months after their LSD sessions, half of the 
alcoholics in an experimental high-dose group were still 

* | 


ything ... I lost all sense of time ... I suddenly saw : 
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abstaining from liquor—an extraordinarily high propor-— 
tion, compared with the 10 to 20 percent recovery rates — 
achieved through other forms of treatment. However, it is 
not yet clear how much the LSD actually contributed, 

since a control group of alcoholics who received only 
small doses of the drug, more like a placebo (50 micro- 
grams, as opposed. to 450 micrograms), responded nearly 
as well. Perhaps the key factor was their belief in their 
own change. 

“We knew that alcoholics who have religious conver- 
sions give up drinking,” says Dr. Stanislav Grof, chief of — 
psychiatric research at the center. “We knew that high 
doses of LSD are very conducive to conversion. So we 
expected dramatic changes in the people who had received 
high doses. But some of them didn’t have profound experi- 
ences, while others with low doses did.” I asked Dr. Grof 
why he hadn’t given any of the patients true placebos, 
without any LSD in them, for a better experiment. “We 
promised them a very unusual experience, ” he replied — 
softly. “We didn’t want to disappoint them.” Furthermore, 
the cat would have been out of the bag at once, he ex- 
plained: without any sensory changes at all, the patients 
would be totally let down, and the therapists would know 
the truth immediately. 

Dr. Grof has personally conducted over two thousand 
psychedelic sessions. A tall, slim, intuitive man, who started 
working with LSD in his’ native Czechoslovakia sixteen 
years ago, he has treated schizophrenics, sexual deviates, 
addicts, neurotics, people with severe depressions, people 
with psychosomatic disorders, and “normal” volunteers 
ranging from priests to painters and psychiatrists in train- 
ing. He has taken LSD himself, so as to learn its effects at 
first hand, and, though he was not at all mystically in- 
clined before, developed religious insights as a result. He 
clearly believes in the power of the drug. This may help to 
explain his high rate of success in inducing psychedelic 
peak experiences, while his success in turn maintains his 
enthusiasm at a high level. For this reason, and because of 
the enormous controversy still surrounding LSD, an inde- 
pendent team of researchers, who had never taken psy- 
chedelics and who had no information on who - had 
received which dose, was called in to rate the alcoholics af- 
ter treatment. Their assessment proved fairly close to that 
of the therapists themselves. They confirmed, for instance, 
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that the patients with the highest percentage of abstinence 
from alcohol were also those who had had the most pro- 
found psychedelic experiences. 

When LSD is used merely as a medicine, without all the 
anticipation, guidance, and support provided by psychedelic 

peak therapy, it does not seem to help alcoholics at all. 
The Maryland research group, which includes Dr. Albert 
Kurland, director of the center, Dr. Charles Savage, and 
Dr. Sanford Unger, sees LSD as a potent “enhancer” 
of psychotherapy, rather than as therapy itself. It believes 
that LSD is quite safe when taken in this framework, 
despite the “bad trips” (severe psychotic reactions) associ- 
‘ated with abuse of the drug. Should any patient react so 
‘badly during a session that the psychiatrist’s reassurance 
does not help, the doctor can generally stop it with tran- 
_ quilizers. Only one such case occurred in work with over 
two hundred alcoholics. 

The same approach is now being tried with other 
groups that conventional therapy cannot reach: heroin ad- 
dicts and people who are dying of cancer. One year after 
their psychedelic treatment, 24 percent of the heroin ad-_ 
dicts still maintained total abstinence from the drug, a 
very respectable figure for this particularly stubborn 
group. 

Patients approaching death from cancer are perhaps the 
loneliest people on earth—their deep depression, pain, and 
hopelessness are sometimes so hard to bear that even their 
‘nearest relatives withdraw psychologically, creating a 

Vicious cycle in which the patient becomes ever lonelier 
and more depressed. Medicine’s heroic efforts to keep such 
_ persons alive longer have not been matched by efforts to 
improve the quality of their final months and days. About 
a decade ago, a Chicago physician, Dr. Eric Kast, tried 
using LSD to help them. He reported that it not only re- 
lieved their pain, but in some cases also lifted their depres- 
sion. He did not, however, combine it with psychotherapy. 
The Maryland center did. A moving videotape of an LSD 
session with a terminal patient, a middle-aged laborer 
_ identified only as Jessie, shows the results. 
Jessie had a terminal case of skin cancer. At the start of 
the session he can be seen with a desperate look on his 
face, complaining about the pain that gives him no respite, 
despite his many pills. “It don’t stop!” he says. “I want to 
be occupied, but I can’t do anything. I can’t eat. I cry. It 
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hurts me so bad I got to cry, I can’t help it.” Dr. Grof_ 
_ and a psychiatric nurse try to make him comfortable on | 
the sofa. Grof advises him not to keep any feelings bottled | 
up during the therapy, but to let them all out. Then Jessie : 
receives an injection of LSD and lies down, wearing the 
eye shades. After a while he sits up, choking (because of | 
his illness). He spits into a bowl. The nurse helps him lie — 
down again, but he is clearly frantic. “Try to really listen © 
to the music,” counsels Dr. Grof. “Let it carry you—be- - 
yond the pain, beyond the choking!” Jessie tries. In a | 
gravelly voice he begins to tell about his vision: a junk-— 
yard full of tin cans. He is clearly unaware of its symbol-— 
ism. He talks about Jehovah, and about a huge ball of fire | 
through which he has to go. He cries. Then he describes — 
someone being set free. “When your body goes, you're | 
- destroyed all over,” he says slowly, toward the end of the — 
session. “You’re back to what you started from .. . but — 
your soul’ll be living. You don’t know what you'll be in- 
the next earth, when you live again. .. . You can be some- 
thing else, you know, whether an animal or other. ... 
You just got to take what comes in life. You just got to put 
up with it.” He seems calmer, more reconciled to his fate. 
The night after his LSD session, Jessie slept better, and 
the following day he announced that “now I’m living 
through God.” In answer to a question from Dr. Grof, he 
said, “Of course I never thought of this stuff before, till I 
went through all this.” ip 
Another videotape shows a thirty-nine-year-old woman 
who has an inoperable cancer of the stomach. Under the 
“influence of LSD, she seems to go through every possible 
emotion, alternately panting, sobbing, writhing, licking her 
_ lips, moaning, and smiling as the music surges on. She was 
“in another century,” she tells the therapist, hugging him 
for comfort. She saw India, Egypt, and Mexico, none of 
which she had ever visited. “The colors and textures were 
indescribable,” she says. “But it doesn’t matter if you can 
describe it or not—it’s just there!” “Has it been a day or 
half an hour?” she asks after ten hours have elapsed. She 
seems amazed at everything that happened to her while 
her eyes were closed. Later on she has a blissful look on 
her face—the so-called psychedelic afterglow—and greets 
her husband with a radiant smile when he walks in. ss 
In a way she-was lucky: the LSD therapy came quite 
early in her illness, lifting her spirits so effectively that she’ 


aine oe and able 3 walk far ieee hati her aoe 
tor had expected. She also lived several months beyond 
the predicted time. ras 
Dr. Grof feels no qualms about inducing felivious: ex- 
periences, through drugs, in people who might otherwise 


never have any. “I don’t think we are inducing religion,” — 
he says. “I believe it’s an intrinsic part of human nature. — 
The only question is'whether or not we get in touch with — 
it.” Psychedelic drugs don’t have specific effects like those — 


of penicillin or digitalis, he continues. All they can do is 
_ activate deep unconscious processes. “And if you have a 
dying patient, anything that eases their suffering is good. 


That’s one case in which you can have no philosophical < 


_ objections!” Roughly a third of these patients improve dra- 
_ matically after the psychedelic treatment, while another 


third show some improvement and the rest remain 


- unchanged. 
A colleague of Grof’s offers another view of the reli- 


_ gious experiences: in our culture, when a person under 


LSD suddenly feels suffused with love or ecstatic awe, reli- 
- gion may offer the only framework for labeling or inter- 
_ preting it. Given the right dose of psychedelic drugs, the 
appropriate expectations, and a conducive setting, then, 
almost anyone may have a deeply mystical experience—the 
_ kind of illumination that Christians call a beatific vision 
- and Zen Buddhists call satori. It may no longer be neces- 
sary to be a saint like Teresa of Avila, or to undergo ex- 
- tremes of self-mortification. 

_.. As in hypnosis, the actual changes come from within. 
The therapist or hypnotist merely draws them out, acting 
as a sort of guide to the process of autosuggestion. Even 
without a hypnotist, placebos such as sugar pills can 
greatly relieve the pain of approximately 35 percent of pa- 
- tients who are recovering from surgery, as was proved re- 
_ peatedly in tests conducted by Dr. Henry K. Beecher, 
Harvard’s famous professor of research in anesthesia. 
_ One’s own expectations may well be the most powerful 
factor in any reaction to nonlethal doses of pana chaos 
drugs. 

These expectations vary according to one’s culture. Dr. 
Solomon Snyder, a professor of psychiatry and pharma- 
_ cology at Johns Hopkins, likes to tell of the lovely Indian 
lab technician who once worked for him. As a little girl, 
she had been very thin, and her parents worried about it. 
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They took her to one of Bombay’s finest physicians, asking 
for medicine to make her plumper. The doctor prescribed 
marijuana—a glass of it in liquid form, called bhang, be- | 
fore every meal—to increase her appetite. She drank it 
faithfully three times a day for years until, at seventeen, 
she was judged sufficiently seductive and allowed to stop. 
But since it was merely a medicine, and no one had told 
her it could change her mood in any way, she never felt 
the least bit intoxicated or otherwise affected by it. 

The Maryland group is unusual in seeing LSD as the 
means to a mystical experience. Other researchers use it 
either to simulate psychosis (in order to study the mental 
illness), or as an aid to deep self-analysis, without any 
mystical overlay. The transcendental or blissful state 
sometimes produced by LSD merely stands in the way of 
the primary goal, self-analysis, declares Dr. John Lilly, an 
adventurous psychoanalyst who began taking LSD in the 
mid-1960’s. “If one stops at these beliefs, no progress in 
further analysis can be. made,” he wrote in his book Pro- 
gramming and Metaprogramming in the Human Biocom- 

puter, which was published by the Whole Earth Catalog. 
_ “These beliefs are ‘analysis dissolvers.’ ... One of these 
very powerful evasions is an hedonistic acceptance of 
things as they are, with conversion of most of them to a 
pleasant glow. Another similar evasion is deferring discus- 
sion of such basic issues until one’s ‘life after death.’ ... 
After having been through some of the most innermost 
depths of self, a result is that they are only one’s own be- 
liefs. ... There is nothing else but stored experience.” 

This “stored experience” is what Lilly wants to reach. A 
man of wide-ranging interests—he is a neurophysiologist 
_and biophysicist as well as an analyst—he had previously 

studied the brains of dolphins (see Chapter 1). Before 
using LSD, he experimented with another technique that 
also facilitates brainwashing: sensory deprivation. In the 
1950’s, Donald Hebb, of McGill University, Montreal, had 
discovered that when a person stops receiving signals from 
his senses, his brain starts playing tricks on him. Volun- . 
teers who lay in bed for more than one day with their. 
eyes covered by a translucent visor, their hands wrapped 
in gloves, and their ears plugged up began to hallucinate. 
Those who stood it for as long as four days became so — 
deranged that for a while they could not do the simplest — 
tests. It seemed that without a constant flow of informa- 


i 


about the world, the brain could not function prop- — 
—which is why solitary confinement is a major tool of _ 
rainwashing. Lilly decided that the hallucinations came 
om the brain’s attempt to maintain its activity at a nof- 


mal pace. In the absence of sound or other stimuli from 


the external world, the sensory cortex used material from 


program storage and from internal body sources of excita- 


tion. The person undergoing sensory deprivation then in- — 3 


_ terpreted his brain’s activity as if the excitation came from 
outside, from the real world, when in fact it came from 


inner sources. As Lilly saw it, however, the experience did 
not present a threat. Instead, it offered a new opportunity 
_ to study the subconscious, the “metaprograms” underlying 


‘the programs by which one normally operates. He soon ~ 


~ tried it out on himself. 
_ A decade later, he added LSD to the experience of sen- 


sory deprivation in an attempt to reach even further into” 


his subconscious. Immersing himself, naked, in a tank of 
water at body temperature so as to block out all physical 
~ sensations, he floated as if in a void, in silence and total 
‘darkness. Then he took LSD. After a period of fear, he 


found it immensely pleasurable. “One of the pitfalls of 


_ LSD-25 experience,” he declared, “is exactly this: one has 
the power now to stay in an expanded state of pleasure, as 
‘it were, for several hours. This can become quite seductive 

and one can become quite lazy and return to this state at 

every opportunity.” 

__ The purpose of all this self-analysis, according to Lilly, 
‘is to grow both intellectually and emotionally. “If success- 
ful, one may see one’s self operating in improved fashion 
‘with other people, as judged by one’s self and, much later, 


as judged by others.” Nevertheless, by most standards, his ~ 
‘book describing this attempt is so disorganized and jum- — 


‘dled that it falls far below the level of his previous work, 
and many of his fellow scientists, when asked about. him, 
just shake their heads in bewilderment. 

“Candidly considered, one may ask ‘may not this sub- 
stance under these conditions change my brain and mind 
‘structure irreversibly out of my control?’” writes Lilly in 
‘a poignant paragraph. “The proper controls on whether or 
‘not there are permanent changes in brains have not been 
‘done on animals’ nor on humans’ brains. So there defi- 
| mitely is a risk in this area.” piel ees 
is LSD’s primary risk is that, through its distortion of real- 
es 
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ity, it can trigger a psychotic reaction. If LSD is taken 
without supervision, an even more immediate danger is ac- 
cidental death as the user jumps out of a window, con- 
vinced he can fly, or drills a hole in his head “to release 
cerebral pressure,” as one young man tried to do. How- 
ever, it is not addictive, except in the way Lilly described. 

Although we now know a great deal about how people 
feel under LSD, its effect on the brain remains unclear. 
The drug is known to concentrate in the more primitive 
centers such as the hippocampus (involved in memory), 
the pineal gland (once a third eye on top of the skulls of 
early reptiles),.and the system concerned with arousal, in- 
cluding the raphe neurons, which are involved in dream- 
ing. LSD also blocks the firing of neurons that respond to 
serotonin, one of the brain’s neurotransmitters. Since the 
real function of serotonin is unknown, however, this pro- 
vides only one small piece of the jigsaw puzzle. In the long 
run, LSD may produce some damage, but the evidence is 
only suggestive. At UCLA, Dr. William McGlothin found 
that some long-term users scored quite low on tests of ab- 
stract abilities (such as tests of categories) but did well on 
tests of verbal abilities. This combination—low abstract 
and high verbal—often indicates brain damage. In six out 
of sixteen heavy users of LSD, including the three who 
took it most frequently, McGlothin found ratios of ab- 
stract to verbal scores that made him “moderately suspi- 
cious” of such damage. 


Brain chemistry has made tremendous advances in re- 
cent.decades; or, depending on how you look at it, nothing 
is yet known about the chemistry of the brain. The best 
way to measure the field’s progress is against the abysmal | 
ignorance of the past. “Twenty years ago we couldn’t say 
anything about brain chemistry affecting behavior, except 
that low brain sugar or low oxygen produced coma,” re- 
calls Dr. Daniel X. Freedman, chairman of the University 
of Chicago’s psychiatry department. “Between coma and 
consciousness, there was nothing. Now the research is be- 
ginning to take off.” : 

The first jolt came with the discovery, in 1943, that the 
minutest dose of LSD—as little as one three-millionth of 
an ounce—could produce symptoms similar to insanity. 
This led to the idea that the psychoses are also produced 
‘by tiny amounts of a brain chemical gone awry. Suddenly 


hrenia, depression, and other ills. pecan WEE 
In 1952 chlorpromazine, the first modern tranquilizing  _ 
drug, entered the American market. Together with other 
~ major tranquilizers such as reserpine, it proved so effec- 
_ tive in controlling the symptoms of schizophrenia that 
mental hospitals began to release their patients in droves, 
The use of straitjackets and other physical restraints 


dropped. Lobotomies decreased, and shock treatments be- 


came less widespread. ass 
Then came the antidepressants, a whole class of drugs 
that rescued thousands of persons from fear, immobility, 


and despair. The antidepressants were followed by a flood 


of new psychoactive drugs—antianxiety drugs, sedatives, — 
and stimulants of various kinds. In addition, lithium was 
found to control the manic phase of manic-depressive ill- 
_ ness. Another chemical, L-Dopa, proved able to reduce — 
_ the tremors of Parkinsonism. 

By any standards, these were extraordinary achieve- 
~ ments, allowing millions of people to lead nearly normal 
- lives instead of being confined in institutions. The brain — 
- scientists would have good reason to feel very proud of 
_ themselves—if it weren’t for the fact that they really don’t 
understand how the drugs do what they do. 5 
_ They have developed a lot of promising clues, however. — 
Most of these involve the brain’s neurotransmitters, the 
_ chemicals that carry messages from one neuron to the next, 
telling it to fire or resist firing. A drug’s effect on the brain 
_ appears to depend primarily on how it alters the mes- 
"sages carried by specific neurotransmitters in specific 
parts of the brain. The chemical code is extremely specif- 
ic: one kind of neurotransmitter, acetylcholine, will make 
"a Satiated rat start to drink again, for instance, while an- 
other transmitter, norepinephrine, applied to exactly the 
same spot in the rat’s hypothalamus, will activate different 
" neurons-and compel it to eat. 

- Before a drug can affect the transmitters in any way, it 
“must cross the blood-brain barrier. This is not an iron cur- 
‘tain, but a series of filters that protect brain tissue from 
harmful substances in the bloodstream. All chemicals that 
enter the bloodstream naturally circulate through the 
brain, in the network of blood vessels that bring it oxygen 
and nutrients, But very few substances ever pass from 
these vessels into the surrounding brain tissue. The blood- 
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brain barrier will let them through only if they are highly 
soluble in such liquid solvents as alcohol or acetone, and 
if they do not carry a large positive charge. 

One chemical that crosses the blood-brain barrier with 
enormous ease is amphetamine—‘“‘speed.” After seeping 
from the blood vessels into the surrounding brain tissue, 
amphetamine multiplies the effects of one of the brain’s 
most interesting neurotransmitters, norepinephrine (also 
called noradrenaline), which it closely resembles. Nore- 
pinephrine is the transmitter for the sympathetic nervous 
system, which produces the aroused “fight-or-flight” re- 
sponse. Not surprisingly, amphetamine makes people alert, 
excited, hyperactive. It was known as a stimulant long be- 
fore norepinephrine was found in the brain. 

- Introduced in the 1930’s with the blessings of the AMA, 
amphetamine has been used in inhalers for asthma pa- | 
tients, in the treatment of narcolepsy (an abnormal desire © 
to sleep), in “pep” pills, in diet pills, by soldiers and truck 
drivers who have to stay awake, by students cramming for 
exams, and only since the late 1960’s for the euphoria— 
the orgasmic “rush”— it may produce when injected into 
the veins. It has probably been the most widely and care- 
lessly prescribed addictive drug, and, although tighter gov- 
ernment regulations have curbed ‘its use somewhat in re- 
cent years, it remains grossly abused today. 

The Japanese were the first to suffer from its effects on 
a wide scale. After World War II, when Japanese drug 
companies had large stocks of amphetamine to dispose of | 
(these had originally been intended for workers in muni- 
' tions factories, to help them produce more), they began 
advertising amphetamines “for elimination of drowsiness 
and repletion of the spirit.” This caught on among the 
young, and by the mid-1950’s more than 500,000 Japanese 
had become amphetamine addicts, with at least 50,000 
cases of amphetamine psychosis—some of whom are still 
in the back wards of Japanese mental hospitals. The gov- 
ernment became so alarmed that it imposed six-month jail 
sentences on all who were found in possession of the drug. 
After this, the epidemic waned, and within three years it 
was over. It has not flared up since. 

America’s amphetamine epidemic began in the late 
1960’s. Ten billion amphetamine pills were produced an- 
nually—about fifty for each man, woman, and child—and 
at least half of them were diverted to illegal use. Ameri- 
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an users also took to injecting the drug directly into the — 
loodstream, to obtain the “rush” for which increasingly | 


_ large doses are needed—a dangerous trend, since large 
_ doses produce paranoia and often violence. Even the most — 


experienced psychiatrists can seldom distinguish ampheta- 


- mine psychosis from schizophrenia. Yet while heroin ad- 


dicts and pushers are considered criminals, until recently’ 
amphetamine addicts could get their stuff easily and le- 
gally, just, by knowing the right doctor. It is also one of the - 
easiest drugs to manufacture clandestinely. ‘ 
Most physicians agree that there are only two legitimate — 
uses for amphetamines, both quite rare: to treat narcolepsy, _ 
and, paradoxically, to calm down certain types of hyperac- 
tive children. Nevertheless, diet doctors continue to dispense 
amphetamine pills to obese people, especially women, in an 
effort to reduce their appetite. Other physicians prescribe 


- Benzedrine, Dexedrine, or similar pills to athletes or stu- 


dents who want an extra spurt of physical or mental en- 
ergy. And, until injectable amphetamines were banned in 


- the spring of 1973, fashionable doctors injected speed into 


the veins of some of the nation’s most famous public 


_ figures—-politicians, artists, writers, actors, and other jet 


setters—not to treat them for disease, but to give them 


feelings of strength and unbounded confidence. According 


_ to a report in the New York Times, for example, Dr. Max 


Jacobson of New York was known for the unusual quanti- 
ties of amphetamine he used in his practice. He bought © 


enough of the drug to make a hundred fairly strong doses 


of 25 milligrams every day. All his patients received large 
numbers of injections in which various ingredients were 


_ mixed: vitamins, hormones, and enzymes, as well as am- 


phetamines. He would not reveal which of his patients re- 


. ceived amphetamines and which, if any, did not. However, , 


one of his patients, Life photographer Mark Shaw, died in 


1969 from amphetamine poisoning. Writer Truman 


a 


- Capote had a nervous breakdown after stopping his injec- 


tions during a European trip (amphetamine users suffer 


from extreme depression when the drug is withdrawn). 
- Another patient, photographer Bob Richardson, had to 
"spend two years in a mental hospital as a result of his in- 


_jections; he is only now rebuilding his career. Dr. Jacob- 


son often brags about his most famous patients: President 


_and Mrs. John F. Kennedy, whom he frequently visited in 


the White House and with whom ‘he sometimes traveled. 


— 
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“In 1961, for example, he went with the President to Vi- — 
enna for the secret meeting with Khrushchev and, Dr. | 
Jacobson said in an interview, gave the President injec- 
tions there,” the Times reported. Another physician who 
treated President Kennedy was outraged by this. “No 
President with his finger on the red button has any busi- 
ness taking stuff like that,” he commented. 
_ Amphetamine gives people a chemical boost by releas- 
ing norepinephrine at the synapses. It also counteracts the 
normal “re-uptake” of norepinephrine in the brain. After a _ 
neurotransmitter has done its job of telling a neuron to 
fire, it must be inactivated in order to prevent it from re- 
peating this order endlessly. Some transmitters, such as 
acetylcholine, are inaetivated by enzymes. Others, such as 
norepinephrine and dopamine, are inactivated by being 
taken back by the nerve endings that released them; am- 
phetamine inhibits this) process. The resulting increase in 
norepinephrine and dopamine in the brain can have differ- 
ent effects, depending on which pathways are stimulated. 
Besides its rousing, stimulating effects, amphetamine is 


- known to produce a strange sort of repetitiveness. Speed 


freaks will perform compulsive, stereotyped acts over and 
over again, without apparent boredom. Dr. Solomon 
Snyder describes a teen-ager who counted cornflakes all 
night long. This stereotyped behavior seems related to the 
brain’s dopamine tracts, rather than to norepinephrine, 
judging from recent work by Snyder and his colleagues at 
Johns Hopkins. Amphetamine psychosis also seems related 
to dopamine. Furthermore, tranquilizers that block do- 
pamine in the brain relieve both schizophrenia and am- 
phetamine psychosis. Snyder concludes that if researchers 
succeed in finding a chemical that stimulates only the do- 
pamine tracts, they will have a perfect model for studying — 
schizophrenia in animals. On the other hand, a drug that 
stimulates only the norepinephrine tracts may produce 
pure, undiluted euphoria, since these tracts go right — 
through the brain’s pleasure centers. After an injection of — 
amphetamine, rats that have electrodes in their pleasure — 
centers stimulate themselves even more furiously. 
Research on how drugs affect the brain has been greatly 
advanced by a dazzling Swedish technique that uses 
fluorescence to trace the neurotransmitters. At Stock-— 
holm’s Karolinska Institute, slices of brain tissue were — 
treated with chemicals that caused various transmitters to — 
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ww brilliantly under ultraviolet light. This led to entirely 
new maps of the brain, quite different from those based on __ 
_ anatomy, for it showed that the cells containing specific 

transmitters form special networks in specific parts of the 

brain. Norepinephrine glows in bright green. Serotonin is 
~~yellow. Like the strings of colored lights seen from an air- 

plane window at night, these networks indicate some of 

the brain’s main thoroughfares. 

How many thoroughfares there are remains unknown. 
The kind of neurotransmitter that tells you, instantly, to 
pull your hand off a hot plate may be quite different from 
the one that causes you to decide you’re hungry for 
Chinese food, points out Dr. Floyd Bloom, of the National 
Institute of Mental Health’s Laboratory of Neuropharma- 
cology. Bloom believes that different kinds of informa- _ 
tion-processing systems are activated by different:transmit- 
ters. 

If he is right, the brain scientists still have a long way 
to go. “The norepinephrine-containing cells make up less 
than 1 percent of all cells in the brain,” declares Bloom. | 
“What are the transmitters for the other 99 percent of 
nerve cells?” Though researchers have developed good 
tools to work with norepinephrine, and also know some- 
thing about dopamine, serotonin, and acetylcholine, they 
still. have almost no information about amino acids such as 
GABA, glycine, and glutamate (the taste-giving ingredient 
in Accent), transmitters that are far more prominent in 
the brain. “The concentration of these amino acids in the 
brain is probably one thousand times greater than that of 
norepinephrine or acetylcholine,” says Bloom. “The trans- 
mitters we know how to measure are just the top of the 
iceberg. 

“People say the brain is like a computer. But suppose 

- you found a computer and it did things. Even if you knew 
how it was wired, could you tell how it worked? Not un- 
Jess you knew how to speak FORTRAN or whatever ma- 
chine language it was programed in—and nobody knows 
what the machine language of the brain really is.” Nothing 
in the brain is ever completely on, or ever completely off. 
One can never tell whether some behavior is the result of 
the excitation of one group of cells, the inhibition of an- 
other, the disinhibition of a third, or the resultant of mil- 
lions of contradictory influences. “It’s so complicated you 

can’t expect at the beginning to come up with anything 
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close to the final answer,” Bloom says. “All you can do is — 
to keep looking, and to test out new theories as knowledge _ 
expands.” 3 
Practical applications of what we learn about brain 
chemistry may come well before the theoreticians make 
much progress. For example, chemical stimulation of the 
brain is now a real possibility. Recently a group of research- 
ers at Princeton University showed that normally peaceful, 
laboratory-bred rats could be turned into killers by inject- 
ing certain drugs into specific parts of their hypothalamus. 
Apparently the transmitter acetylcholine was respon- 
sible for releasing this’ aggression. Psychologists Bartley 
Hoebel, Douglas Smith, and Melvyn King first located cer- 
tain cells in the rats’ hypothalami where electrical stimula- 
tion triggered a killing attack on any nearby mouse. Then 
they inserted tiny hollow tubes into the rats’ brains, ending 
near these cells, and tried a variety of drugs. When they 
poured in a few drops of carbachol, which acts much like © 
acetylcholine, the rats pounded on the mice and killed 
them with a single hard bite on the back of their necks. 
_ This was their first murder—and they had never seen any 
- such killing before. Next the scientists took wild rats that 
were known for their furious attacks on mice and tried to 
turn off their killer instinct with drugs. Methyl atropine, 
they knew, blocks the effects of acetylcholine. With atro- 
pine in their brains, the wild rats suddenly became pac- 
ifists. They walked up to the mice, sniffed them and fol- 
lowed them around for a while, but they did not kill. Dr. 
Smith finds it conceivable that similar “pharmacological 
prevention” could control aggressive behavior in human 
beings. ; 
Other practical applications may come from current re- 
search on how drugs affect sleep. Man spends the equiva- 
lent of twenty years of his life asleep—a state about which 
much has been learned since the mid-1950’s, when scientific 
research on sleep began. The more one learns, however, 
the more curious it seems. Far from being a uniform 
period of quiet, sleep turns out to_be a most active time 
‘for the brain, a succession of. radically different states, . 
each with its characteristic EEG pattern. Throughout the- 
night, in cycles, comes the recurrent period of fast brain 
waves, quickened heart rate, teeth-grinding, erections (in 
males of every age, including infants and premature ba- ~ 
bies), irregular breathing, and rapid eye movements, © 
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man beings, and perhaps even for animals. A person who 
is awakened during REM sleep will invariably report a 


dream, or dreamlike thoughts. Awakened only a few min- 


utes after the rapid eye movements cease, he will remem- 
ber nothing: the dream will have evaporated. Regardless 
of how much one remembers, however, everyone dreams 
every night. The REM periods occur roughly every ninety 


minutes, or about five times a night, and take up about 20. 


percent of one’s total sleep time. 
A strange feature of nearly all mood-changing drugs, 
particularly amphetamine and barbiturates, is that they rad- 
~ ically reduce the amount of REM sleep. Yet REM sleep 
seems to be essential. Volunteers who are deprived of it 
by being awakened every time their eyeballs begin to move 
become very anxious and irritable, prone to hallucinations, 
and temporarily unable to think straight. They also de- 
velop an almost irresistible urge to dream. Toward the end 
of REM-deprivation experiments, the researchers must 
wake them up more and more frequently, for they fall 
into the REM state almost as soon as they close their 
eyes. They seem compelled to fill their deficit of REM. 
_When finally given a chance to sleep undisturbed, they will 
have an orgy of dreaming—and this after only a few days 
‘of REM deprivation. Experiments with cats and rats can 
_ be pushed even further. On their first free night after one 
or two months of REM deprivation, these animals will 
spend 70 percent of their total sleep time in a REM state 
so agitated and intense that it actually resembles convul- 
sive seizures. 
Brain scientists are now wondering to what extent the 
harmful effects.of various drugs can be attributed to their 
destruction of REM sleep. The British researcher Ian — 


Oswald believes that the brain repairs itself during REM 


sleep-—an interesting theory in view of the fact that babies — 
spend an enormous amount of time in REM sleep and 
schizophrenics very little. Some threads of evidence link 
‘the REM state to serotonin. But whatever the theory, all 
researchers agree that after REM deprivation, people suf- 
fer in varying degrees from a kind of rebound effect, dur- 
ing which their brain tries desperately to compensate for 
its loss. Only schizophrenics seem unable to compensate 
for it. 
When people take sleeping pills, they unwittingly starve 
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led REM. This is the time of vivid dreaming for all hu- _ 
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themselves of REM sleep. After a week or two, when . they 


try to do without the pills, they begin to feel the rebound 
effects: they dream for nearly half the night and sometimes 
have terrifying nightmares. Naturally they reach for an- 
other sleeping pill, and the vicious cycle begins. Soon 
they find that they cannot do without these pills. They also 
need increasingly large quantities to get any. results. Since 
large doses of barbiturates act longer than people suppose, 
it becomes increasingly difficult for them to wake up in the 
morning. At this point they may try Dexedrine or some 
other amphetamine to get themselves going. The ampheta- 
mine further reduces the incidence of REM sleep, complet- 
ing the cycle: they are now slaves to “downers” at night 
and “uppers” in the morning. This is how, by handing a 
patient some perfectly legal sleeping pills, doctors some- 
times create sleep disorders instead of curing them—and 
also how many addicts are made, especially among mid- 
dle-aged women. 

Death may result if the befuddled victim forgets she has. 
already taken a sleeping pill and swallows another, as re- 
portedly happened to Marilyn Monroe and some other 
movie stars. The pills are particularly powerful if taken in 
combination with alcohol, also a depressant. The brain 
then slows down so completely that it stops telling the 
heart to beat or the lungs to breathe, and all body func- 
tions come to a halt. 

The drugs that are most addictive, such as the barbitu- 
rates, amphetamine, heroin, and alcohol, produce the most 
violent reactions when they are withdrawn. Usually the 
reactions are the reverse of the drug’s original effects. The 
withdrawal of alcohol, for instance, causes sudden overac- 
tivity of the brain, which may result in the well-known de- 
lirium tremens, or D.T.’s, complete with pink elephants 
and other imaginary but terrifying monsters or bugs. 
Withdrawal of the euphoriant and excitant amphetamines 
produces almost unbearable depression, often with suicidal 
impulses. After the feeling of peace gained from barbitu- 


rates, the addict may have hallucinations and convulsions © 


when he stops taking the pills. 
At autopsy, however, no particular brain damage can 


be seen from any of these drugs, despite the upheavals 
they produce. As with mental illness, the effect of mind- 


changing drugs remains invisible in the brain; at any rate, 


it cannot be detected with present methods. 
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The o1 exception is alcohol. Alcohol seems to pro- ; 
ce minute blood clots and hemorrhages in the capillaries 
‘at feed the cells of both body: and brain. Around each — 
plugged capillary in the “brain, some herve cells die for — 


they dre lost forever. 


With every single cocktail, we may kill thousands of — Se 


brain cells. Considering that the adult brain contains some 
ten billion nerve cells, this is not so terrible—we never use 
‘more than a fraction of the brain’s capacity, anyway, and 
hundreds of brain cells die every day for a variety of rea- 
sons. Nevertheless, in heavy drinkers the loss eventually 
- takes its toll. Within a few years they may lose millions of 
_ irreplaceable cells, and when the brains of alcoholics are 
examined at autopsy they often appear shrunken or atro- — 
phied. Doctors disagree on what causes this damage, how- 
ever. Some argue that it results from the alcoholics’ noto- — 
riously poor nutrition. Others blame the by-products of a 
damaged liver. To date, there is no direct evidence that al- 
‘cohol produces primary damage to the brain. 
The lack of firm evidence about brain damage from 
_ drugs has proved very disappointing to those who seek 
physical excuses for stiffer legislation against pushers of 
‘hard drugs. The social evidence, however, is strong 
enough: drug abuse, as we all know, can lead to crime, 
_ paranoia, death. It is a sort of chemical Russian roulette. 
Even the softer and legal psychoactive drugs present real 
_ dangers, despite the fact that they may be prescribed by a 
doctor. — 
_ While illicit drugs spread through word of mouth, the 
drug industry spends millions of dollars every year on ad- 
_vertising aimed at physicians. “WHAT MAKES A WOMAN 
cry? A man? Another woman? Three kids? No kids at all? 
Wrinkles? You name it. . . If she is depressed, consider 


 Pertofane,” urges one ad in a medical journal. Another 


| 


_ page advocates tranquilizers for small children: “SCHOOL, 

- THE DARK, SEPARATION, DENTAL VISITS, ‘MONSTERS.’ THE 
EVERYDAY ANXIETY OF CHILDREN SOMETIMES GET OUT OF 
wanp. A child can usually deal with his anxieties. But 
sometimes the anxieties overpower the child. Then he 
needs your help. Your help may include Vistaril.” 

__ More prescriptions were written for psychoactive drugs. 

last year than there were persons in the country, com- 


Jack of oxygen. And though most of the body’s cells are | a 
replaceable, the brain’s nerve cells are not—once gone, __ 
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plains J. Maurice Rogers, research director of the San 
Francisco Community Mental Health Services. Noting that 
pharmaceutical companies depend on the nation’s physi- 
cians to sell their prescription drugs, he accuses the drug 
ads of being “grossly irresponsible, especially those that 
push psychoactive drugs—sedatives, sleeping pills, tranquil- 
izers, energizers, and mood elevators.” Not only do these 
ads make broad, unsupportable claims, but they extend 
drug usage into areas that call for coping, not for escape 
through drugs. In that sense, psychoactive drugs are not 
innocent, even when not toxic, declares Dr. Robert Sei- 
denberg, professor of psychiatry at the State University of 
New York at Syracuse. “They tend to create a depen- 
dence, to undermine confidence in personal mastery, and 
they are frequently antithetical to psychotherapy.” Medi- 
cal societies, too, have become “drug dependent,” he charg- 
es, because they rely so heavily on advertising by drug 
companies—the very ads which strenuously promote an 
improper use of drugs. 

Partly because of such ads, there is a growing tendency 
to give children pills for anything that comes to the atten- 
tion of the doctor. It is the easiest way out. If parents are 
troubled by a child’s anxiety, or if they feel unable to 
meet his demands, the doctor may simply label the child 
“disturbed” and prescribe tranquilizers for him. 

The more the drug industry expands its definition of 
- what constitutes a medical problem, however, the greater 
the danger of abuse. It is oniy a short step from the care- 
less use of mind-changing drugs for the treatment of ev- 
- eryday problems to the use of drugs to control other peo- 
ple whose behavior makes one uncomfortable. 

A couple of years ago, the Washington Post described 
how one enthusiastic pediatrician in Omaha, Nebraska, 
talked local doctors into prescribing “behavior modifica- 
tion” drugs to as many as 5 to 10 percent of the 62,000 
schoolchildren in that city. The children being given the 
drugs had been identified by their teachers as “hyperac- 
tive” and unmanageable to the point of disrupting the 
classroom, reported the Post. The drugs were prescribed 
“to improve classroom deportment and increase learning 
potential.” The teachers clearly liked their effect, though 
some of the parents didn’t. 

As enthusiasm for the program increased, “thousands of 
elementary school children were walking around with po- 


angerous drugs in their pockets and lunch-pails,” 
jspaper reported. An assistant superintendent of 
;chools said the children “were trading pills on the school 
grounds. One kid would say, “Here, you try my yellow a 
one and I'll try your pink one.” ee) 
“What were these pills? Mostly, amphetamine and Ri- 
‘alin, a similar drug. Both, when given to adults, would be 


extremely dangerous and addictive. Both normally act as “as 
stimulants. When used with hyperactive children, how- 


aver—children who jump out of their seats as many as 
thirty times in five minutes, who keep fidgeting, who throw 
things and talk, who can’t concentrate—these drugs seem 


to have the opposite effect. 


“The amphetamines quiet them down,” says Dr. Solo- 
mon Snyder. “They become very conscientious. They get 
tearful if you say a harsh word. And the strange thing is" 


that little kids, weighing no more than eighty pounds, will 


tolerate doses of amphetamines that would be an overdose 


for an adult. The drug would make us hyperactive on ten 


milligrams. Children, who are usually hypersensitive to 
_ drugs, can tolerate forty milligrams per day and seem no 


worse for it.” Highly respected psychiatrists, such as Dr. 
Leon Eisenberg of Harvard University, claim that no child 
has become addicted as a result of such treatment. In- 
stead, in case after case, behavior problems have disap- 
peared and school grades shot up. 

The only trouble with this approach is that hyperactivity — 
can have a wide variety of causes, including social depri- 


| vation, emotional problems, psychosis, and poor teaching, 


‘as well as the “minimal brain dysfunction” for which the 


| drugs were originally prescribed. It is a symptom, not a 


‘disease. And even in a first-rate hospital such as Johns 


| Hopkins, where children are screened very carefully be- 


fore being given the drugs, some children get worse after 


taking them.~““We had a little girl who took one pill and 
| became crazy for two days,” recalls Dr. Snyder. “She saw 
icicles and tigers... ” Fortunately, reactions to ampheta- 


‘mine aré very rapid, and the treatment is simply to stop tak- 
ing such pills. The little girl recovered. But doctors cannot _ 
predict what any particular child’s reaction will be. “Ulti- — 
mately it may be possible to tell more accurately who fits 
into this diagnostic category,” says Synder. Which. cate- 
gory? “Hyperactive-that-responds-to-these-drugs,” he re- 
plies with a wry smile. 
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Omaha was not alone: Some 200,000 children around: 
the country were, and probably are, being given drugs to, 
prevent them from fidgeting or disrupting their classroom. 
Many of them were poor and black. Some black parents 
began to complain that the schools were trying to drug 
their children into submission. Various other parents said 
they resented the pressure being put on them by teachers. 
to go to a doctor and ask for these drugs for their chil- 
_dren. 

In hearings before a subcommittee of the House Com- 
mittee on Government Operations, a congressman asked, 
. “Who makes a decision in these programs as to whether a 
child has hyperkinesis or is just a bored, bright, creative, 
pain-in-the-neck kid?” He did not seem satisfied with the 
reply that a medical team, or at least one doctor, had to 
be involved, since all too often the children were first 
picked out by the schools. One of the witnesses pointed 
out that between one and a half and four million children 
between the ages of three and twelve were poten- 
tial recipients of such drugs, and that their use was 
“zooming,” yet the follow-up studies of hyperactive chil- 
dren who have used them involved only sixty-seven chil- 
dren. “How do you draw the line?” asked Representative 
John Wydler of New York. “If you read all the good re- 
sults of giving these children drugs, you wonder—maybe if 
you gave every child a little bit of it, they might all be bet- 
ter off. They might all become more docile or more coop- 
erative or something of this nature.... It would help them 
be more attentive in school. This seems to be almost the 
logic of where you will go once you start down this road.” 
The psychiatrist under questioning replied that it was a 
matter of degree, and that he had enough experience to 
make a judgment about it. But the uneasiness remains, 
~ since most children with hyperactivity show no sure signs 
of brain damage. Nothing sets them apart from others ex- 
cept their behavior. To a large extent, then, they can be 
given drugs for the convenience of their parents or their 
teachers. This may produce a new form of addiction. All 
we know is that here, in a small pill, is instant relief, in- 
stant satisfaction—for the caretaker. Unlike other forms 
of addiction, in this case the pill must be swallowed by 
somebody else. 

This kind of abuse is well known in mental hospitals 
and nursing homes where nurses give their charges large 


ile. Usually the doctors co-operate by writing out blanket 

: orders for drugs, which can be used at the nurses’ discre- 
tion, whether the patients need them or not. Far from help- 
ing these patients, especially if they are old people who 
require an incentive to-move about, such massive use of 
drugs tends to turn them into vegetables. 


Giving drugs to children who make trouble in school may. aC 


help some of them to settle down and concentrate, thus 


preventing further difficulties. But in other cases it may — . 


mask problems that could be solved through social mea- 


sures. Furthermore, the amphetamine’s effect is not at 1: Diese : 


clear. 


and orderly after taking amphetamine may have something 
in common with the adult speed freaks who keep repeating 
‘stereotyped acts without apparent boredom. In both cases, 
the dopamine-sensitive cells in their brains seem to be 
involved, rather than the norepinephrine pathways. How- 
ever, nobody yet understands why these children’s reac- 
tions is otherwise paradoxical—why they become calm 
instead of still more excited. Since the hyperactive symp- 
toms tend to disappear in all such children after they 
teach puberty, hormones may be involved in some still 
inexplicable fashion. / 
_ The drugs may also interfere with the children’s appe- 
tites and sleep, particularly with their REM periods. All 
‘this is bad enough, but there must be other short- and long- . 
range effects we don’t yet know about. There can also be a 
strong placebo effect, both on the child and on his teach- 
ers. One witness at the House investigation told of a boy 
_ whose teacher had picked him out as hyperactive. His doc- 
tor had prescribed Ritalin, and his parents had pretended 
to accept this, although in fact they never gave the child 
any drugs at all. Since the teacher believed the boy was 
taking the pills, she started treating him differently, and in 
ashort time his grades improved. 


All drugs have multiple and complex effects, especially 
‘the mind-changing drugs. The effects that drug companies 
like best are generally called the main effects. Other chang-. 
es, however big, are labeled “side effects.” Should these 
“side effects” prove even more interesting and powerful 


‘The hyperactive children who become very neat, quiet, “ os 
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than the main effects, the drug is simply pelabeled: as heal 
happened to many of the best-known tranquilizers. 

The idea that a “magic bullet” type of drug can seek 
out a specific target in the body and destroy it has long 
held much appeal in medicine. Something of the same no- 
tion persists in the ads which promise that Librium will! 

“reduce anxiety,” that Compoz will “calm the nerves,” and 
that Elavil will “lift depression.” In fact, such specificity is 
a fiction created by the labeling process, insist psychiatrist | 
Henry L. Lennard and his colleagues at the University of 
California School of Medicine at San Francisco. Research | 
does not support a purely physiological view of the emo-' 
tions, and “drugs alone do not trigger such specific affec-' 
tive reactions as fear, anger, depression, joy, and the like.” 
The drugs only produce a state of arousal, or a general 
“priming” of the body. How a person interprets these 
changes depends both on cues from the environment and 
on his own past experiences. Instead of being a passive re- 
cipient of drugs, each person actively builds his own real- 
ity. 

With some drugs, the social context is the most impor- 
tant variable: for example, LSD and other hallucinogens 
make people extremely suggestible. Large doses of am- 
phetamine sometimes produce such paranoia and aloofness 
that their victims are practically unreachable by any hu- 
man being. But there is always this interaction between 
drug, social situation, and mental set. 

The brain scientists must bear the blame for failing to 
make this clear. People who take LSD should know that 
their “trips” will, in a sense, brainwash them, and that 
whatever influences they are exposed to during that time 
may become imprinted on them for life. They should 
know that, of all drugs, the amphetamines are the most 
rapidly addictive, and they should be made aware of the 
alternatives. 

As Dr. René Dubos notes, “Human beings have always 
taken drugs—coffee, tea, wine, maté. I have been told 
that Gandhi took reserpine very frequently; it had been 
part of the Indian culture for thousands of years. We do ‘it 
all the time, usually without being aware of it. You don’t 
consider something a drug when it’s the norm of your cul- 
ture. It’s just something you take,” Some of the older, 
legal drugs, such as alcohol and tobacco, are widely accept- 
ed, even though they probably do more harm than mari- 


iby to its A 


D —the Easiest Way to Change the Brain — 107 : é 


- 


pe aes! 


, possession of which is punishable by years in jail. 

; most dangerous drugs of all, amphetamines and barbit- 
urates, are sometimes dispensed quite freely by doctors, _ 
and that is accepted. When we want to keep children and 
old people quiet, tranquilizers are accepted. It is time we 
viewed such practices more objectively. 

“In the giving and taking of drugs,” write Lennard and 
his colleagues, “one pays for what one gets.” Whether the 
drugs are used for kicks, for self-enlightenment, for 
therapy, to sleep, to wake up, or to control others, there is 
always a price to pay. Unfortunately one can seldom see } 
the price tag. , 

When Sigmund Freud first tried out cocaine on himself, ~ 
while looking for possible medical uses for it, he became 
wildly enthusiastic. Calling the drug “magical,” he sent 
some to his fiancée, “to make her strong and give her 
cheeks a red color.” He wrote her how a small dose of 
cocaine, which he took while feeling depressed, ‘4ifted me 

to the heights in a wonderful fashion.” He pressed the 
drug on his friends and colleagues, both for themselves 
and their patients, and he gave it to his sisters; in short, as 
his biographer, Ernest Jones, points out, “he was rapidly 
becoming a public menace.” Little by little, the price be- 
came apparent. One friend developed a severe cocaine ad- 
diction and delirium tremens, which hastened his death. A 
patient died from an overdose. Soon Freud was attacked 
on all sides for having introduced the Western world to 
“the third scourge of humanity” (after morphine and alco- 
hol). He stopped using it, and even in his old age, while 
suffering so intensely from cancer that he saw his world as 
“a Jittle island of pain floating on a sea of indifference,” he 
‘refused to take any drug whatsoever, relenting only occa- 
sionally to swallow some aspirin. “I prefer to think in tor- 
ment than not to be able to think clearly,” he declared. 
When the pain became totally unbearable, he saw no point 
in living further and asked his doctor to put an end to the 
torture. The doctor complied, giving him a small dose of 
morphine, which kept him unconscious until he died one 
day later. To the end, writes Jones, “there was no emo- 
tionalism or self-pity, only reality.” 

Despite the enormous increase in drug abuse in recent 
years, there are some signs that the epidemic may soon 
begin to recede. Those who are bent on destroying them- 

selves or punishing their parents will always find a way. 
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Chapter Six 


- Changing the Baby’s Brain— 
Can Intelligence, Emotionality, _ 
and Sex Be Changed at Will? | 


Nothing is left to chance in Aldous Huxley’s Brave New 
World. Babies are born out of bottles (“decanted”) in the 
state hatcheries where all human ova are stored, inspected, 
and fertilized. As the bottles travel down conveyor belts, 
the caste system begins. The embryos that will become sew- 
age workers are deliberately deprived of oxygen, to stunt 
their growth and turn them into Epsilon Semi-Morons. 
_ Those destined to become Alphas (the intellectuals and 
managers who rule the world) receive large quantities of 
oxygen and a variety of enriching substances. Other, castes 
_ are physically and chemically prepared for specialized jobs 
such as repairing rockets in midair (the bottles are rotated 
_to improve their sense of balance) or working in the trop- 
ics (a matter of heat conditioning). At a certain point on 
_ the conveyor belt, a shot of male sex hormones makes 
two-thirds of all the female embryos infertile. And from 
birth on, all infants are conditioned to like their status. 
Their earliest experiences are controlled with extreme 
care, to be further reinforced by repeated suggestions dur- 
_ ing their sleep. In this way, the state produces exactly the 
kind and number of persons it needs. ; 
Huxley, so prophetic in other ways, was wrong in one 
respect—it has not taken men six centuries to achieve 
such control over developing brains. Even now, only forty 
years later, Brave New World is nearly here, at least for 
; é 109 
ee ' 


ony aye 


110. THE BRAIN CHANGERS 
laboratory animals. So much has been learned about criti- 
cal periods in brain development and the effects of early 
experience that men are beginning to shape in various 
ways the brains of rats, mice, salamanders, and other © 
creatures. At the same time, scientists have begun to zero 
in on the human infant. They are discovering how 
heredity, nutrition, and experience work together to pro-— 
duce different castes of children in today’s society. As yet 
they have little or no access to embryonic human brains, 
but with the development of test-tube babies, that may not 
be far away. 

Ever since Freud it has been known that a human 
being’s character is pretty well set by the experiences he 
has had before the age of five. Intelligence, however, was 
supposed to be fixed by heredity. There was no evidence 
that early experiences could in any way change the anat- 
omy or chemistry of the brain. 

The man most responsible for proving that such changes 
do in fact occur is Professor David Krech, an ebullient, 
witty, gray-bearded psychologist at the University of Cali- 
fornia at Berkeley. He was spending a year at the Univer- 
sity of Oslo, Norway, in 1950 when he ran into a Berkeley . 
colleague whom he hardly knew, Professor Melvin Calvin, 
a chemist who later became a Nobel laureate. Far away 
from home, the two men suddenly found much to talk 
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about, and Krech told Calvin how dissatisfied he was with 


current methods of studying the brain. Instead of cutting 


out parts of the brain to find out what abilities were lost 


as a result, he wanted to study how the brain functioned 
normally. Why not investigate how the brain’s chemistry 
changed during different kinds of mental activity? Calvin 
was delighted with this idea, which fitted his views about 
the power of chemistry, and they agreed to join forces 


“when Krech came home. 


In 1952, Calvin introduced Krech to Dr. Edward L. 
Bennett, an associate of his and a biochemist. Together 
with Bennett and Dr. Mark R. Rosenzweig, a biological 
psychologist who had become interested in the transmis- 


- sion of nerve impulses, Krech’set out to study the relation 


between mental activity—particularly memory and learn- 
ing—and the quantity of certain enzymes in the brains of 
rats. : ; 
Their reasoning went like this: mental activity must in-- 
volve a flow of electrical impulses from neuron to neuron; 


choline, and an enzyme to break it up after it has 


searchers guessed that a greater mental activity would in- 
yolve a greater supply of both chemicals, but that while 
the transmitter would be used up, the enzyme would per- 
sist. Therefore, mental activity might be accompanied by 
an increase in brain enzymes. This is what they set out to 
test. At first they studied how rats with different amounts 
of enzymes in their brains performed on different. prob- 
lems. Then, in 1959, they decided to try the reverse—to 
see whether different kinds of performance would result in 
different amounts of brain enzymes. 

To do this, they needed two equal groups of animals, 
one using its brains while the other sat in idleness. They 
also wanted animals that had had little previous experi- 
ence. And so the University of California opened its first 
rat “nursery school”: a spacious, multilevel cage filled with 
ladders, slides, trapezes, blocks, cans, wheels, brushes, and. 
other toys, in which a dozen baby rats could find plenty of 
challenges. Meanwhile, their brothers and sisters remained 
cooped up either in “standard” laboratory accommoda- 
tions—small, barren, wire-mesh cages housing three ani- 
mals—or, far worse, in “impoverished” cages, where they 
lived alone—miniature San Quentins with three solid 
walls, dim lights, and no noise. The differential treatment 
began when the rats were taken from their mothers at 
weaning (about twenty-five days of age). They were kept 
in the three different conditions for eighty days. At 105 
days of age, all were decapitated, and their brains were in- 
stantly dissected, weighed, and frozen by technicians. 

The experiment had been going nicely for a couple of 

years, with just the right kind of evidence piling up—the 
nursery-school rats had 2 percent more acetylcholines- | 
terase in their brains than the others—when suddenly the 
researchers discovered something so revolutionary they 
could hardly believe it: the cortex—the “thinking” part of 
the brain—of the nursery-school rats weighed 4 percent 
more than the cortex of the other rats’ brains. 
“We had inherited from our predecessors the dogma of 
absolute stability of brain weight,” recalls Dr. Rosenzweig. 
| Long ago, some anatomists had claimed that the brain 
grew through intellectual activity. This had led scientists to 
compare the size of different people’s brains at autopsy, 
es 
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but they only succeeded in proving that brain size was no 
guide to intelligence, for idiots sometimes had larger 
brains than geniuses. By the beginning of the twentieth 
century, the search for brain changes that could be at- 
tributed to experience had been abandoned. Even the 
Berkeley team did not expect to find more than the subtlest 
chemical. changes in the brain as a result of learning; gross-. 
‘er effects, such as weight changes, seemed beyond the 
realm of possibility, and were not included in the experi- 
ment. “Fortunately,” says Rosenzweig, “we had to record 
the weights of our brain samples in order to measure 
chemical activity per unit of tissue weight. After about 
two years of contemplating the chemical effects, it finally 
dawned on us that the weights of the brain samples also 
changed.” 

At first glance, the Berkeley rats’ brains seemed unal- 
tered by their stay in the nursery school. However, the re- 
searchers had cut up the brains into various sections and 
weighed each separately. A little elementary arithmetic 
showed that the cortex of the improverished rats was small- 
er than that of the nursery-school graduates. Evidently, 
the experience of playing with a wide variety of toys for 
eighty days had impelled the rats’ cortex to grow. 

This fact spurred the team to renewed activity. They 
had to find out what the heavier cortex was filling itself 
out with. Soon a handsome blonde neuroanatomist, Pro- 
fessor Marian Diamond, joined the team to look for the 
anatomical changes. The discoveries made by Dr. Dia- 
mond and her lab proved perhaps most startling of all. 
Among the first things she noted was an actual thickening 
of the rats’ cortex, especially in the visual areas at the 
back of the brain. (This later turned out to be true even 
in blinded rats.) There was also a 15 percent increase in 
the number of glial cells, housekeeping cells that play a 
mysterious but important role in learning. The number of 
nerve cells, or neurons, had not increased (it is generally 
believed that neurons cannot reproduce after birth), but 
the cell bodies had become 15 percent larger. The fibers 
of these neurons had also grown and proliferated, creating 
new neural branches with which to make connections with 
other cells. The entire quality of the cortex had changed. 

Among mammals, intelligence always corresponds to 
' the size and complexity of the cerebral cortex. In rats the 
cortex is smooth and -comparatively underdeveloped. 
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ip the evolutionary ladder, the cortex of dogs be- 
gins to show some convolutions, thus packing more cortex 
into the available space. In monkeys the cortex is further 
expanded and convoluted, and in man it is so highly de- 
veloped that it overshadows all other parts of the brain. If_ 
an animal’s cortex became enlarged through experience, | 
then, would its intelligence also increase? This proved very 
difficult to measure, because animals that score high on 
one kind of test and thus appear more intelligent some- 
times do poorly on another, and vice versa. It all depends — 
on the abilities one chooses to test. But, clearly, some 
strains of animals can be bred for skills on specific tests. 
Years earlier, as a graduate student at Berkeley, Krech 


had watched psychologist Robert Tryon demonstrate how _ 


differently two strains of rats behaved in a maze. Profes- 
sor Tryon had bred these strains selectively for gener- 
ations. The rats whose ancestors had been selected for 
“maze-dullness” would enter a maze, hit a dead end, and 
then make mistake after mistake, day after day, never 
seeming to learn their way, while it took those of the 
“maze-bright” strain only a few tries to scoot right 
through. “What I was seeing, of course, was one of psy- 
-chology’s classic experiments,” Krech recalls, “indeed the 
experiment which established behavior genetics as an ex- 
perimental science.” It was bound to shake anyone’s belief 
in the prime importance of the environment as opposed to 
heredity. But now Krech was ready for a new experiment. 
Descendants of the two strains of rats—among the prize 
possessions of the psychology department at Berkeley— 
were still available, and even though the selection process 
had stopped forty years earlier, the brains of the two 
strains still differed. They had different amounts of en- 


zymes in their brains, and different ratios of cortex to sub- 


| 


! 


cortex. Other rat strains could also be shown to differ ge- 


- netically, both in ability to learn certain skills and in brain 


chemistry. The next question was to what extent different 
environments could change these hereditary traits.. 
Thirty rats that were genetically gifted at learning maze 


" problems were placed in impoverished cages, while less 


| gifted rats were placed in the enriched environment. This 
Virtually wiped out the strain differences between their 
brains. On the other hand, the opposite treatment—giving 
gifted rats the benefits of enriched conditions while the 
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others stayed in impoverished cages—actually doubled the 
difference between them. 

“We can now undo the effects of generations of breed- 
ing,” declares Krech. “Heredity is not enough. All the ad-_ 
vantages of inheriting a good brain can be lost if you don’t 
have the right psychological environment in which to de- 
velop it.” Simply by changing their early environments, he 
could change the anatomy and chemistry of the brains of 
rats that were born inferior (or at least less talented at 
certain tasks), making them equal to their former superi- 
ors. 

Among the rats’ toughest tasks was learning that 
tules can change—an important aspect of intelligence. 
The test for this was called a “reversal discrimination” 
problem. As soon as the animals learned to choose the 
darker of two alleys for a food reward, the opposite alley 
began to be rewarded. A number of rats learned the prin- 
ciple of the thing rapidly. They would try one alley, dis- 
cover the rule of the day, then go on with hardly an error. 
But others never learned. On this “IQ” test, the evidence 
was absolutely clear: the gifted rats performed far better 
than the others at all times, except when they alone had 
been deprived of stimulation in infancy. When the duller 
rats were sent to the nursery school and the brights kept 
in isolated cages, the brights deteriorated so much that 
they made an average of thirty-two mistakes, while the 
dulls developed sufficiently to make only twenty-one. 

If one wants to make an animal more intelligent, con- 
cluded Krech after a long series of experiments, love is 
not enough; physical exercise is not enough; visual stimula- 
tion is neither necessary nor sufficient; the presence of 
other young animals is not enough; and deliberate 
teaching helps, but not much. The only experience that re- 
ally stretches a rat’s brain is the opportunity to explore a 
large number of different objects, or a large variety of 
mazes. According to Krech, this is a species-specific re- 
quirement, since rats need to have good “space-brains.” 
Human beings have different requirements, he believes, 
mostly connected with language, although he cannot prove 
it. However, he did prove that by manipulating the envi- 
ronment of the young, one can truly create a “lame 
brain.” Or one can ‘create a better brain and a smarter an- 
imal at will. 

By now Krech has retired from the Berkeley team to 
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do research on a new topic: intrauterine environments. 
Together with a number of scientists who keep pushing 
_ back the age of their research subjects, he suspects that 
the environment before birth is a key factor in determin-_ 
ing individual differences in intelligence, brain structure, — 
and other traits. ar 

Meanwhile, the other members of the team are continu- 


4ing to study the effects of enriched environments on the ~ : 


brains of rats, mice, and gerbils at various times after 


birth. They have found that cortical changes are easier to — 3 


produce than they had originally supposed: two hours a 
day of experience in the enriched cages seem to change 


the brains of rats just as much as keeping them there all 


_ day long. Furthermore, the animals don’t have to be put 
into the nursery school right after weaning—brain changes 
are possible at any age. Since the differences between the 
animals’ performances tend to disappear after repeated 
testing, the team does not believe that the effects of early 
environments are irreversible. ay 

However, even if it isn’t true that you can’t teach an old 

brain new tricks, it does take very much longer. When the 
team gave middle-aged rats the chance to play with and 
explore all the toys in the nursery school, for instarice, the 
animals’ cortex/subcortex ratio increased considerably af- 

ter ninety days. The same increase could be achieved in 
adolescent rats after only thirty days, however. And nei- 
ther group gained as much from the experiences as did an- 
imals that went into the nursery school in earliest infancy, 
with their mothers, even before they were weaned. 

These experiments tend to support psychologist Ben-- 
jamin Bloom’s theory that the easiest time to make a pro- 
found change in a child’s intelligence is while that intelli- 
gence is growing most rapidly, before the age of four. 
Bloom, a professor of education at the University of Chi- 
cago, analyzed over a thousand longitudinal studies of 
growth and noted that there is a specific growth curve for 
each human characteristic. Half of a child’s eventual 
height, for instance, is reached by the age of two-and-a- 
half, By the age of four, his IQ becomes so stable that it is 
a fairly accurate indicator of his intelligence at maturity. 

Bloom then formulated a general rule: the environment 
will have maximum impact on a specific trait during that 
trait’s period of most rapid growth. As time goes by, more 

and more powerful forces are required to produce a given 
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amount of change, if it can be produced at all. This rule 
now appears to apply equally well to the structure of the 
brain, since brain changes can be brought about most eas- 
ily and dramatically shortly after birth, at a time when the | 
brain is growing at top speed. 

The Berkeley group also found that, whatever the rats’ 
ages, their brains did not change if they were alone in the 
nursery school. Dr. Rosenzweig attributes this to the fact 
that solitary rats don’t pay much attention to their sur- 
roundings, but tend to rest or to groom themselves. To 
make their brains grow, he had to “con” them into getting 
involved with their playthings. If a rat was hungry, for ex- 
ample, Dr. Rosenzweig could stimulate it by placing food 
at various spots inside or on top of the toys, thus forcing 
it to “play.” Solitary rats could also be stimulated by mod- 
erate doses of excitant drugs, which made them so active 
that they interacted with everything around them. Or else 
they could be stimulated by novelty: just like children, 
rats, even those that live in groups, become bored with 
their toys if they have them too long. 

If new puzzles and challenges can make the cortex . 
grow, more new puzzles and challenges every day make it 
grow more rapidly, judging from some experiments by a 
young Argentinian couple, Pedro and Vesna Ferchmin, 
who unwittingly improved on the Berkeley team’s meth- 
ods. The Ferchmins had read about the team’s work and 
wanted to reproduce it in Argentina, but they did not 
know exactly how. Forced to devise their own procedures, 
they invented a supercharged environment so powerful 
that it produced many of the brain changes normally seen 
after thirty days in the short space of four days. 

Surely no rat could get bored in the Ferchmin regime, 
which the young researchers have now introduced to 
Berkeley. The animals are moved three times a day, first 
from a standard laboratory cage to a larger one much like 
the original Berkeley rat nursery school, then to an oversize, 
five-foot-high cage with a most intricate and imaginative 
assortment of toys. The rats’ ingenuity is sharply chal- 
lenged by such problems as how to reach the top shelf on 
one side of the cage, for instance, when there is no direct 
access to it. They have to figure out a roundabout route 
across a series of nesting houses perched on vertical rods, 
across some diagonal chains, and over some boxes. The 
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ems keep changing, as the layout of the cage is com. 
etely alteredevery day. es 
In addition, as in any well-run nursery school, the rats — 
_ in the Ferchmin cage have teachers. Four older animals, 
“whom the Ferchmins call “masters,” serve as experienced — 
models for baby rats to imitate when they are introduced 
“into the cage. This appears to accelerate their learning 
tremendously. Certainly the rats in the Ferchmin cage are _ 
more active than any others, and their brains also change _ 
more rapidly. 

The best explanation of why rats, like children, “learn. 
by doing” comes from some recent work by scientists at 

MIT. The key to it is feedback—the information that the 

brain receives both about its own efforts and about their 

results. An animal cannot learn a new motor skill just by 

looking, because this involves no feedback. It must try out 

_ certain movements, and it must try them out voluntarily. _ 

The enormous difference between voluntary and passive — 

movement is an exciting concept. A person who looks up 

at something voluntarily is well aware that the rest of the 

room has not moved, even though his angle of vision has 
changed. Yet if his eyeballs are moved by an outside — 
force, cr even by his own fingers, his field of vision seems to — 

jump. This shows that something very central is changed 

by intention. His brain sends out signals to prepare 

him for the consequences of his voluntary acts. The same 

holds true for animals, as scientists in Germany and Cali- 

‘fornia have shown. Professor Roger Sperry, of the Cali- 

fornia Institute of Technology, calls this internal signal a 

“corollary discharge,” since it closely follows the brain’s 

more direct command to muscles to move. And at MIT, 

psychologists Richard Held and Alan Hein have produced 

evidence that corollary discharges are essential to adapta- 

tion, especially in newborns. Without such signals, one 

could not learn to cope with one’s environment. 

In Held and Hein’s laboratory, I tried on some goggles 

that grossly distorted the room and made my hands seem 

far away from where I expected them to be. The 

goggles contained prisms, I was told; all objects ap- 

peared tilted dizzyingly, and as I tried to move, I found it 

very difficult to orient myself. Several pairs of volunteers 

had been tested with the goggles by Professor Held. One 

- gogeled member of each pair stood on a sort of dolly, al- 

most at floor level, while the other person wheeled him 
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about, so that both covered exactly the same territory. At 
the end of an hour, the volunteers who had done the push- 
ing had adapted to their goggles so completely that they 
could reach any object with ease and no longer saw any 
distortion. It was only when they removed the goggles that 
the room appeared lopsided to them. Clearly a change had 
taken place in their brains. However, their partners had 
learned nothing from the experience. They still misjudged 
all distances with the goggles on, but returned to normal 
as soon as the goggles were removed. 

Before brains can be shaped through feedback, then, 
_ there must be a sort of “feedforward” to compare it with. 
This is why infants need to move their hands so much, 
why babies want to grab hold of everything, why toddlers 
must experiment with sounds before they can speak. Vol- 
untary acts are essential to brain development. But they 
can be induced, as the Berkeley team found out, by mak- 
ing the environment sufficiently interesting or challenging. 


Everything the newborn does or fails to do shapes its 
brain, sometimes irreversibly. For in all animals, and pre- 
sumably man, there are critical periods of development, 
during which certain things must happen or it will be too 
late. : 

It takes only four days to kill off the marvelous “feature 
detectors” in the brains of kittens, for instance. These 
“feature detectors” are cells in the visual cortex that spe- 
cialize in identifying patterns and shapes. If a kitten’s eye 
- is kept closed for four days during the critical period 
(which for cats is the fourth week of life, according to re- 
cent work by Harvard’s David Hubel and Thorsten 
Wiesel), it loses its connections to the cortex, so that the 
other eye becomes permanently dominant. If both eyes are 
kept covered for a few weeks, the cat will be functionally 
blind. 

_ An even more dramatic and irrevocable change occurs 
in the behavior of ducklings. It is a once-in-a-lifetime 
event, limited to a short period during their first twenty- - 
four hours out of the egg. During that time, the duckling 
is uniquely impressionable, and whatever it sees most con- 
spicuously—usually the shape of its mother—becomes 
etched into its brain forever. From then on, the duck will 
follow this shape slavishly. The ethologist Konrad Lorenz 
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ed this phenomenon “imprinting.” There are memor- 
able films of Lorenz striding along, followed by a line of | 
ducklings that saw only him during their critical period, 
and as a result treated him as if he were their mother. 
The ducklings on which he was imprinted felt a compul- 


sion to follow him. They would go to any lengths, and __ 


brave any danger, just to be with him. Since Lorenz’s pio- 
neering experiments, other researchers have imprinted 
chicks and ducklings with toys, boxes, and flashing lights, 
as well as human beings. They have found that the chicks 
and ducks will follow all these objects with the same un- 
questioning allegiance.- If a chick hatches exceptionally 
late, it may miss the critical period. In that case, nothing 
will ever be imprinted on it, and its brain will contain less 
newly made RNA and protein than the brains of chicks 
that have learned, through imprinting, who their “mother” 
is. 
Most of what is known about critical periods in the de- 
velopment of the human brain is tragic. At certain stages 
during the first three months of pregnancy, for instance, 
the German measles virus can irreparably damage the fe- 
tus’s brain, though later in pregnancy it may do no harm. 
The brains of millions of babies are being stunted every 


_day as a result of poor nutrition at critical times. It has 


become utterly clear, from studies by pediatricians such as 
the late Herbert Birch, of the Albert Einstein College of 
Medicine, and Myron Winick, of Columbia University’s 


_ Institute of Human Nutrition, that low-protein diets dam- 


age children’s brains, and that if this occurs before six — 
months of age the damage may be irreversible. 

“There is no recovery in organs where cell division has 
already stopped,” says Dr. Winick. “The brain never gets 
‘another chance.” He found that Chilean children who had 
been malnourished as infants were still mentally retarded 
five years later. Only those whose poor diets started at a 
later age recovered after prolonged rehabilitation. 

High-protein diets seem to be essential during two par- 
ticularly: sensitive periods, judging from studies on the 
brains of rats: during the second half of the mother’s 
pregnancy, when the central nervous system is developing 
rapidly and the brain’s neurons are dividing at top speed, 
and during the first six months of life, when the brain’s 
glial cells are increasing most rapidly. “Prenatal malnutri- 
tion results in a 15-percent reduction in cell number at 
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birth,” says Winick. “Postnatal malnutrition results in a re- 2 
duction of similar ‘magnitude by weaning.” Each of these — 
represents severe deprivation. However, when an animal is 
malnourished during both of these critical periods, he suf- — 
fers a 60 percent reduction in the number of his brain 
cells by the time he is weaned. : 

This “double deprivation” is most likely to occur when a 
child is born prematurely. This is why Dr. Birch urged a 
drive to provide planned nutritional supplements for high- 
risk mothers. Among poor families, and especially poor 
black families, nearly a quarter of all babies are born pre- — 
maturely, largely because the mother is not getting proper 
nourishment during her pregnancy. These babies are then 
prime candidates for later intellectual deficiency, since. 
“the long-term consequences of these early insults are 
greatest when the chronic. circumstances in which the chiid 
grows ... are substandard,” said Birch. He also advocated 
an aggressive program of parent education with regard to 

nutrition. 

__ The babies who survived such horrors as the famines of 
angladesh, Afghanistan, and Biafra may thus be mentally 
crippled for life. Around the world, and especially in un- 
derdeveloped countries, millions of children are regularly 
deprived of sufficient proteins to keep their brains growing 
at a normal rate, and in times of crises, entire generations 
of infants are condemned to brain damage. Yet inexpen- 
Sive proteins are now available from many sources. No 
wonder that the president of the American Orthopsychiat- 
ric Association, Dr. Benjamin Pasamanick, recently called 
the people of the United States “a cheap, murderous lot” 
because they recognize the problem of hunger and do 
nothing about it. It is a form of atrocity by omission. 

But the human body is a marvelous instrument. Despite — 
their vulnerability, newborns sometimes show enormous 
tesiliency, functioning well despite injuries that would be 
catastrophic to an adult. This is because the brain can 
mend itself best while it is growing most rapidly. It seems 
to compensate for the loss of one structure by letting an- — 
other one expand and take over. There are critical periods 
for that, too. Like all critical periods, they exist because 
different areas of the brain develop at different rates. 

First comes the inner core, the brain stem, which con- 
trols arousal and consciousness. The cerebellum, which 
controls physical balance, and the cerebral cortex, which 
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ells to such enormous bulk in man, mature much later, — 


with the Russian physiologist P. K. Anokhin, who at- 
tributed this order to the demands of natural selection: 
_ the parts of the brain that are most essential to the new- 
born’s survival mature first. Within this general frame- 


work, however, little is yet known, since the science of ~ 


growth is itself still in infancy. 

At the National Institute of Mental Health in Bethesda, 
Maryland, a young neuropsychologist has been studying 
the brain’s power of self-repair. Dr. Patricia Goldman was 
intrigued by a number of reversals in the development of 
brain-injured animals. Some baby monkeys that had 
seemed most severely handicapped after brain surgery 
eventually caught up with and surpassed the performance 
of others that had seemed least troubled. After a series of 
experiments, Dr. Goldman developed a theory of “differ- 
ential commitment.” Only tissue that is highly immature 
and still uncommitted to a particular course of develop- 
ment can take on new functions, she believes (assuming 


' that it is functionally related to the injured part). In 


adults, all pathways remaining after a brain injury would 
‘presumably be “fixed,” so that it would be too late for 
anatomical reorganization. “The basic question,” she says, 
“is whether what’s left in the brain is sufficiently imma- 
ture.” 

When more is known about the mosaic of differential 
maturation in various regions of the brain, it may be pos- 
sible to shape the brains of infants, or even fetuses, quite 
effectively, much as Huxley foresaw in Brave New World. 

Also as in Brave New World—but only for rats—it is 

already possible to alter sex during a critical period right 
‘after birth by an injection of hormones that act on the in- 
fant rat’s brain. If one were dealing with human beings, 
the injections would have to take place before birth, just 
as Huxley imagined. But rats are born deaf and blind, still 
relatively close to the fetal state, and for a brief period of 
life their sex can be changed. 

Sex is set in the brain, the British physiologist Geoffrey 
Harris demonstrated in 1965. It depends on specific events 
in the brain at various stages before and immediately after, 
birth. And despite the story of Adam and Eve, in the be- 
ginning, all brains are female. 

_ “It is a struggle to become a male,” comments Dr. Sey- 


inder a complicated timetable. Many scientists now agree __ 
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mour Levine, a Stanford University psychiatrist who 
worked with Harris. “It is an additive process.” The 
proper male hormones must act upon the brain at the 
proper time’ for the brain to set patterns of maleness — 
throughout the central nervous system. If the brain is not 
triggered in time, the fetus remains female. Even after 
birth, depriving a newborn male rat’s brain of male hor- 
mones for the first twenty-four hours of life will cause him 
to become functionally female. He will still have male or- 
gans, but he will develop a regular hormonal cycle, as if 
preparing for ovulation and menstruation. Similarly, fe- 
male rats can be turned into pseudo-males by a single in- 
_ jection of male hormone right after birth. The hormone 
apparently acts on their hypothalamus. From then on, 
they never ovulate and never show any female patterns of 
sexual receptivity. If treated with more male hormones 
later in life, they even attempt to mount other females 
and go through the motions of copulation, as if they were — 
males. 

Obviously, knowledge of an animal’s critical periods 
gives one enormous power to change its whole course of 
‘development. Scientists are just beginning to discover the 
relevant timetables—the critical periods, both before and 
after birth, for sex, intelligence, emotionality, and dozens 
of other traits. Some of their interventions may prove ex- 
tremely valuable. And since timing is such a powerful fac- 
tor, they may look deceptively mild. 


“One of the most striking facts is that what appear to 
be minimal changes in the early environment have proved 
to have profound effects on the subsequent performances 
of the developing organism,” declares Dr. Levine. In 1956, 
Levine had set out to prove some aspects of “what we 
took to be Freudian theory at the time—the long-term ef- 
fects of infantile trauma,” he recalls. He separated some 
newborn rats into three groups. One group received elec- 

' tric shocks for three minutes a day; the rats in the second 
group were also taken from their mothers and placed in a 
different cage for three minutes a day, but were given no 
electric shocks; the third group was left alone, to serve as 
a control. “Our assumption was that since it would be hav- 
ing the best of all possible worlds—tiving with a warm, 
nutrient, moist mother, not being disturbed, and having all 
the comforts of life—it [the third group] would essen-_ 
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y not be affected in any way,” Levine explains. “We 


our handled but nonshocked group, and that only the 
group given shock trauma would turn out to be different. 
Well, the rest of it is history! To our surprise, we found 
‘out that there were very profound effects from lack of stim- _ 
ulation, and that not doing anything at all to the rats 
was worst of all.” ‘ aia 

Any kind of early experience—handling, or even more 
traumatic things such as electric shocks or vigorous shak- 
ing—seemed to make the animals more emotionally — 
stable, Levine discovered. As adults, such rats were better 
able to learn, better able to cope with new environments, 
more curious and more likely to have appropriate respons- 
es in any given situation. In the laboratory, where the 
rats were kept in racks of cages, it was striking to see that 
all the handled animals occupied the front of their cages, 
while the nonhandled ones huddled in back. When food 
was put into their cages, the handled animals ate it right 
‘away; the nonhandled rats still hadn’t touched theirs fif- 
teen minutes later. In an “open field” test, too, the animals — 
that had been handled for a few days after birth showed 
more sense than the others. If they weren’t hungry, they . 
nearly always chose to explore the field; however, if they 
had been deprived of food, they quite reasonably made a 
beeline for whatever could be eaten. The nonhandled rats 
were much less flexible: satiated or not, they never ven- 
tured into the field on first exposure, but always sought the 
security of the food. Levine points out that although the 
nonhandled rats did eventually get accustomed to such 
open fields and could not be distinguished from the han- 
dled rats, their basic predisposition did not change. If 
something new happened to them—for instance, if a loud 
bell was rung—the nonhandled rats again froze in a cor- 
ner, too scared to move. “Behavior therapy can be used to 
reverse certain effects of early experience,” says Levine, 
_ “but this doesn’t mean that a permanent or chronic rever- 

gal will be obtained over the whole spectrum of behavior 
| that is affected by early experience.” 

In Levine’s experiments, the nonhandled rats spent their 
first days of life in barren cages much like those of the 
Berkeley group’s “impoverished” rats. Levine does not 
view this as a state of deprivation, however, since in this 
ease the animals were with their mothers, who kept licking 


- assumed the outcome would be basically the same as in ~ : 
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them, biting them, and picking them up. Instead, he 
speaks about the lack of novelty in their environment. The 
laboratory was soundproofed, evenly lighted, and air-con- 
ditioned, and the baby rats never left their cages. This pre- 


vented them from developing much of a basis for 


matching one kind of novelty with another, he believes, so 
that “each set of circumstances was seen as unique and 
. they were continually thrown by novel environments.” 
Having more things to habituate to, compare, and match, 
the handled rats rapidly learned to generalize from one 
environment to the next. 
_ “It’s not intelligence, but better functioning,” summa- 
rizes. Levine. He feels that early experience with novelty 
- will produce animals that are emotionally stable enough to 
perform well. Of course, if they are overaroused, as with 
too much electric shock, they will do poorly—there is an 
optimum level. “I couldn’t possibly give a good lecture 
unless I were a little anxious,” he says, “but I would freeze 
and couldn't give the lecture at all if I were overanxious.” 
Apparently, newborns need various kinds of stimulation to 
set their arousal threshold at the appropriate level. And, 
within broad limits, any stimulation is better than none. “T 
_ don’t care how bright you are,” declares Levine, “if you're 
scared to death, you can’t function.” 


All the effects of early and varied experience—a higher 
cortex/subcortex ratio, greater intelligence, more curios- 
ity, less fear—obviously reinforce each other. An animal 
that is less frightened will explore more, get more involved 
with his surroundings, and learn more. An animal that has 
learned more will have more flexibility and be less likely 
to freeze into inaction. 

Early malnutrition also has a dual effect: a direct one 
on brain anatomy, and an indirect one on the animal's 
ability to learn, since it may rob him of the energy for 
much voluntary activity. In effect, this apathy restricts the 
animal’s environment. However, the cycle can be broken 
at any point. Even with a low-protein diet, stimulation in 
infancy can be helpful. In some experiments with rats at- 
Cornell University, researchers have found that early han- 
dling and a rich selection of. toys to play with in an inter- 
esting environment can largely counteract the bad effects 
of malnutrition after birth. 


A psychologist at the inca of Connecticut, Dr - a 
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Vict H. Denenberg, has discovered that he can change 
e level of violence of mice simply by giving them a dif- 


ferent education, if he starts right after birth. Using a 


strain of mice known to be extremely aggressive—the — : 
young males were notorious for their constant fights—he — 


removed half of one litter from a mouse mother on the 
_ day of birth and had these babies raised by a female rat. 
_ At twenty-one days of age the mice were placed in stan- 
dard “fighting boxes,” small boxes in which a barrier be- 


tween two animals is suddenly lowered, leaving them face — 


to face with a stranger. Against all expectations, the mice 
that had been raised by the rat mother refused to fight 
one another. Dr. Denenberg, who had long been interested 
in the effects of early experience but had no idea what he 
would find in this case, was astounded that he could turn 
off the species-specific pattern of fighting in this way. To 
make sure that some chemical factor in the rat mother’s 
milk was not responsible, he repeated the experiment with 
a group of mice nursed by their natural mother but other- 
wise raised by a rat “aunt,” who took over most of the 
mothering duties. This time some of the young males did 
fight, but the majority did not. Apparently the mere 
presence of a rat “aunt” during this critical period in their 
lives had changed the mice sufficiently to cut down the ep- 
isodes of aggression to less than half the usual number. 
Slowly, then, we are beginning to learn how to make a 
superior brain. It is a matter of programing, of providing 
the most favorable environment for specific needs at vari- 
ous critical times both before and after birth. Of course 
the genes set limits beyond which one cannot go, but these 
are so broad that nobody ever reaches them, and they 
leave room for infinite variations according to circum- 
stances. Man’s intelligence, for instance, may vary up to 
- 40 IQ points, depending on his environment, says the Uni- 
versity of Arizona’s Professor Samuel A. Kirk. More con- 
- servatively, Benjamin Bloom estimates that a child’s envi- 
ronment is responsible for roughly 20 IQ points—still a 
formidable span, notes Bloom, one that could mean the 
difference between life in an institution for the feeble-mind- 
ed and a productive life in society, or between a profes- 
sional career and an occupation at the semiskilled or un- 
skilled level. By the age of four, the direction is usually 
_ quite clear. : 
In some respects, the direction is clear even before 
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birth. When pregnant rats were exposed to glaring lights, _ 
which terrified them, their fear made them produce hor- 
mones that feminized, or demasculinized, their male off- 
spring. Later on these males failed to copulate with invit- 
ing females: Even though no drugs were used, their sex 
had been changed as if by hormones, simply by changing 
their mother’s environment while she carried them. 

This means that the reverse is also true: by deliberately 
altering an expectant mother’s environment, we may learn 
to counteract accidents of nature and prevent harm to the 
unborn baby. For example, should a mother who is carry- 
ing a male fetus be badly frightened at a critical time dur- 
ing her pregnancy, an immediate dose of male hormones 
or their equivalent might prove helpful. The day may 
come when pregnant women will be monitored almost 
daily to determine what critical period their baby is enter- 
ing, and what specific programing would best suit it. 

Prenatal programing of the brain could include chemi- 
cal intervention—special foods, hormones, perhaps drugs | 
if necessary; physical intervention, possibly along the lines 
of the “decompression” treatments pioneered by a South 
African physician, Dr. O. S. Heyns, which reduce pressure 
on the mother’s womb and increase the amount of oxygen 
available to the fetus during the last ten days of pregnancy 
(the babies born after these treatments are said to be ex- 
ceptionally intelligent and well developed); and psycholog- 
ical intervention, which may be the most difficult to de- 
velop. It is well known that babies born of mothers who 
live near airports or in the path of jet planes have differ- 
ent reactions to sound than do other infants. The old 
wives’ tales about maternal impressions—the stories about 
children marked forever by some event in their mother’s 
lives just before they were born—may yet turn out to 
have more than a grain of truth. 

The period immediately after birth is probably the most 
promising. The baby is born with a huge head for his size, 
with a brain weighing one-quarter of its adult weight, but 
during his first six months of life his brain weight will dou- 
ble. The glial cells will multiply, the neurons will branch _ 
out in a wealth of dendrites, and the little spines on the 
dendrites will sprout magically to receive connections 
from other cells. It is a time of explosive growth—and yet 
the human infant has the longest period of helplessness of 
any animal. His cortex takes longer to mature than any 


so long ie aevelop, the See has ae ‘ 
opportunities to shape it. We are only beginning 
- cover how it does so. Only in recent years have scien 
begun to study and rate home environments, for 
- stance—to clock what parents do to infants, to classify 
kinds of interactions that take place, to record the Jan 
guage that is spoken. 
Within a few decades, it should be in our power—as i 
is only partly today—to produce the kinds of brains we 
want. We will know how nutrition, chemistry, activity, € 
- yironmental variety, and other factors interact to shape 
the baby’s brain, We will know how to produce Alphas or 
Betas, as well as Epsilon Semi-Morons. It will be simply a 


matter of choice. 
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Chapter Seven 


Which Half of Your Brain Is 
| Dominant—and Can You 


Change It? 


Linked together like Siamese twins right down the middle 
of our brains, two very different persons inhabit our 
heads. One of them is verbal, analytical, dominant. The 
other is artistic but mute, and still almost totally mysteri- 
ous. 

These are the left and right hemispheres of our brains, 
the twin shells that cover the central brain stem. In nor- 
mal people, they are connected by millions of nerve fibers 
which form a thick cable called the corpus callosum. If 
this cable is cut, as must be done in certain cases of severe 
epilepsy, a curious set of circumstances occurs. The left 
side of the brain—the speaking half—no longer knows 
what the right side is doing, yet it insists on finding excuses 
for whatever the mute half has done, and still operates un- 
der the illusion that they aré one person. : 

As a result of these extraordinary findings of the past 
decade, brain scientists have begun to wonder whether our 
normal feeling of being just one person is also an illusion, 
even though our brains remain whole. Are the two halves 
of our brains integrated into a single soul? Is one hemis- 


phere always dominant over the other? Or do the two per- - 


sons in our brains take turns at directing our activities and 

thoughts? F x 
Theologians are not alone in watching this research with 

fascination—and some misgivings. It has aroused the in- 
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psychobiology who has the gift of making—or provok- 
ing—important discoveries. i 
Sperry was already famous before he began studying — 
people and animals whose brains had been split in two. er 
a series of elegant experiments, he had shown that there 
exists a very precise chemical coding system in the brain — 
that allows specific nerve cells—for example, those con- - we 
cerned with vision—to find their way through a tangle of — 
other nerve fibers, even when obstacles are placed in their — 
path, and somehow connect with the appropriate cells so 
as to reach specific terminals in the visual cortex. Next he 
began to study visual perception and memory. He wanted 
to find out what happened when an animal learned certain zu 
discriminations that involved the visual cortex—when it 
learned, for instance, to push a panel marked with a circle 
_ gather than a square. Where in its brain was that knowl- 
edge stored? st 
He put the question to a young graduate student, sug- 
gesting that he investigate how cats that have learned a 
new skill with only one eye and one hemisphere transfer 
- this information to the other eye. The young student, Ron- 
ald Myers (now chief of the Laboratory of Perinatal 
_ Physiology at the National Institute of Neurological Dis- 
_ eases and Stroke), worked with this idea for the next six 
years. First he developed a method of cutting through the 
cats’ optic chiasm (the point at which the optic nerves 
meet and cross) so as to sever the nerve fibers that nor- 
~ mally cross from left eye to right hemisphere and vice 
_ versa, sparing only those that connect with the same side 
_ of the brain. Despite the surgery, the cats saw quite well. 
_ Myers then placed a patch over one of their eyes and 
trained the one-eyed creatures to distinguish between a 
circle and a square, knowing that the information they ac- 
_ guired would go to only one hemisphere. When he 
switched their eye patches to cover their trained eyes, 
however, the cats performed just as well as before. Their 
_ memory of this skill was intact. This meant either that the 
knowledge was stored in the central brain stem, well be- 
_ low the twin hemispheres, or that the knowledge acquired 
"by one hemisphere had somehow been transmitted to the 
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“Obviously the corpus callosum was the next thing to 
test,” recalls Dr. Myers. “But from the available evidence, 
cutting it would have no effect. If the surgery is properly 
done, the animals are up the next day and you see noth- 
ing.” By all outward appearances, a split-brain cat or 
monkey is perfectly normal: it can run, eat, mate, solve 
problems as if nothing had happened to it. When surgeons 
first split the brain of a human being in the 1930's (to re- 
move a tumor deep in the brain), they did so with much 
trepidation, expecting a terrible change in their patient, a 
total deterioration of his psyche. To their amazement, they 
saw no change at all. The corpus callosum seemed to 
serve no purpose, despite its large size (it is about 314 
inches long and a quarter of an inch thick in humans). 
“What is the function of the corpus callosum?” professors 
would ask their students in the 1940’s; as no one knew, 
they replied facetiously, “It transmits epileptic seizures 
from one hemisphere to the other.” As recently as 1951, 
Karl Lashley saw only one other use for it: “To keep the 
hemispheres from sagging.” 

Nevertheless, Myers proceeded with the next step in the 
research plan. After cutting through the cats’ optic 
chiasm, he split their corpus callosum as well, separating 
their left and right hemispheres. Then he trained them as 
before, with one eye covered. When he removed the cover © 
from this eye and placed it over the other eye, however, 
there was a dramatic change: the cats reacted as if they 
had never seen the patterns before. They took just as long 
to learn the difference between a circle and a square with 
the second eye as they had with the first. Myers was 
elated, and the question was finally settled: it was the cor- 
pus callosum that transmitted memories and learning from 
one hemisphere to the other. The thick cable of fibers 
stood revealed as the sole means of communication be- 
tween the two halves of the cerebral cortex. Without it, 
cats could be trained quite separately with each eye. When 
Myers tried teaching some split-brain cats to select the cir- 
cle with their left eye and the square with their right, he 
found that they learned this without the slightest evidence 
of conflict. They would act in opposite ways, according to 
pe eye was open—as if they had two entirely separate 

rains. 2 yeas 

In animals, a split brain may prove relatively unimpor- 
tant. After all, both hemispheres are enclosed in a single - 1 
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head, attached to a single body, and eee hoe to 

identical experiences. Furthermore, the left and right halves — 
of their brains do exactly the. same job. But this is not 
the case for human beings. 

Alone among the mammals, man has developed differ- 
ent uses for each half of his brain. This asymmnietry, which 
we all recognize when we say whether we're right- or 
left-handed, is the glorious mechanism through which man 
is enabled to speak. It is what separates us from the, apes. 
There are various theories about how it developed and 
whether it is present right from birth, but it is quite clear 
that by the time a child reaches the age of ten, one hemis- 
phere—usually the left—has taken over the task of lan- 
guage. 

For simpler operations, ‘such as receiving sensations 
from one’s hand or ordering movements to one’s foot, the 
human brain remains -generally symmetrical. The nerve 
_impulses that carry messages from one side of the body 
travel up the spinal column and cross over into the oppo- 
site side of the brain, there to form a sort of mirror image 
of the parts they represent. The nerve connections in- 
‘volved are set at birth in an incredibly precise fashion that 
allows the brain to know instantly where certain sensations 
come from and where to aim specific instructions. : 

When tasks become more complex, however, this mir- 
torlike representation is abandoned. Then the association — 
areas of the brain come into play and each one develops 
in its own way, according to experience. Since we have 
only one mouth (unlike the dolphin, which has separate. 
phonation mechanisms on the right and left sides of its 
body), there is no need for right and left speech centers in 
the brain. On the contrary, these might conflict with each — 
- other and compete for control of the speech mechanism. 
In most adults, therefore, the speech centers are limited 
to one side of the brain, usually the left, though about 15 
percent of left-handed people have speech on both sides. 

Even among the left-handed, the left hemisphere gener- © 
ally controls speech. The near monopoly of the left hemis- 
phere was recognized in the early eighteenth century, — 
when surgeons examined the brains of people who had lost 
the power of speech and found severe damage on the left - 
side. Why this should be so preordained is not clear. The — 
left hemisphere tends to become dominant in other ways — 
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as well. For example, it controls the right hand, which 
does most of man’s skilled work with tools. ee 
Around the age of one, notes psychologist Jerome 
Bruner, babies suddenly master what he calls “the two- 
handed obstacle box,” a simple puzzle developed by Har- 
yard’s Center for Cognitive Studies to study how babies ty 
iearn the value of two-handedness. The baby will push and A 
hold a transparent cover with one hand, for the first time, 
while the other hand reaches inside the box for a toy, even 
though nobody has taught him this skill. To Bruner this — 
seems extraordinary, for it shows that the baby has learned 
to distinguish between two kinds of grip—the power, 
or “holding” grip, which stabilizes an object, usually with 
the left hand, and the precision, or “operating,” grip, 
which does the work, usually with the right. Monkeys and 
apes also develop a precision grip, says Bruner, but only in 
man, with his asymmetry, does the power grip migrate to 
the left hand while the precision grip migrates to the right. 
This is the beginning of a long road leading to the distinc- 
tively human use of tools and toolmaking. 
If the left hemisphere does all this, why do we need a 
right hemisphere? Experiments with split-brain cats and 
monkeys could not shed much light on the differing spe- 
cialties of man’s two hemipsheres. The study of the two 
personalities in our brain did not really begin until 1961, 
when Sperry became interested in a forty-eight-year-old 
-yeteran whose head had been hit by bomb fragments dur- 
ing World War IL. 
| A few years after his injury, W. J. had begun to have 
| epileptic fits; these became so frequent and so severe that 
nothing could control them. He would fall down, uncon- 
scious end foaming at the mouth, often hurting himself as 
he fell. For more than five years, doctors at Los Angeles’ 
| White Memorial Medical Center tried every conceivable 
| remedy, without success. Finally Drs. Philip Vogel and Jo- 
| seph Bogen cut through his corpus callosum, and the seiz- 
ures stopped, as if by magic. There was a rocky period of 
| recovery, during which W. J., 2 man of above average intel- 
' figence, could not speak, but within a month he announced 
| that he felt better than he had in years. He appeared un- 
in personality. He seemed perfectly normal. 
| Meanwhile, Sperry had interested a graduate student, 
Michael Gazzaniga, in performing a series of tests on W. 
J., together with him and Dr. Bogen. Gazzaniga soon dis- 
aa 
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covered some extremely odd things about his subject. To : 
begin with, W. J. could carry out verbal commands ~ 


- (“Raise your hand,” or “Bend your knee”) only with the 
right side of his body. He could not respond with his left 
side. Evidently the right hemisphere, which controls the 
left limbs, did not understand that kind of language. When 
_W. J. was blindfolded, he couldn’t even tell what part of 
his body was touched if it happened to be on the left side. 
‘ In fact, as the tests proceeded, it became increasingly 
difficult to think of W. J. as a single person. His left hand 
kept doing things that his right hand deplored, if it was 
aware of them at all. Sometimes he would try to pull his 
_ pants down with one hand, while pulling them up with the 
other. Once he threatened his wife with his left hand while - 
his right hand tried to come to his wife’s rescue and bring 


the belligerent hand under control. Gazzaniga, now a pro- — 


si 


fessor of psychology at New York University, recails that | 


he was playing horseshoes with W. J. in the patient’s back 
yard when W. J. picked up an ax with his left hand. 
Alarmed, Gazzaniga discreetly left the scene. “It was en- 
tirely likely that the more aggressive right hemisphere might 
be in control,” he explains. And since he couldn’t communi- 
cate with it, he didn’t want to be the victim in a test case 
of “which half-brain does society punish or execute.” 

Only the left half-brain could speak. The right one re- 
mained forever mute, unable to do any tasks that required 
judgment or interpretation based on language. Of course, 
it was also unable to read. This meant that whenever he 
was faced with a page of printed matter, W. J. could read 
only the words on the right half of his visual field, which 
projected to his left hemisphere. His right hemisphere 
seemed blind. Reading thus became very difficult and tir- 


ing for him. He also found it impossible to write any ~ 


words with his left hand, although he had been able to-do 
so with a little effort before his operation. (He was thor- 
oughly right-handed.) : 


Indeed, from the early tests on W. J. it appeared at first — 


that his right hemisphere was nearly imbecilic. But then: 
came the day when W. J., with a pencil in his left hand, 
was shown the outline of a Greek cross. Swiftly and surely, 
he copied it, drawing the entire figure with one continuous 
line. When he was asked to copy the same cross with his 
clever right hand, however, he could not do it. He drew a 
few lines in a disconnected way, as if he could see only 


| 
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only half of the cross. Urged to do more, he added a few 
lines but then stopped before completing it and said he 
was done. It was clearly not a lack of motor control, but 


a defect in conception—in striking contrast with the quick — | 


grasp of his nonverbal half. 
Since then, a tantalizing picture of the brain’s mute hemi- 
sphere has begun to emerge. Far from being stupid, the 
right half-brain is merely speechless and illiterate. It actu- 
ally perceives, feels, and thinks in ways all its own, which 


in some cases may prove superior. The only problem is to 
communicate with it nonverbally, as if it were an exceed- | 


ingly intelligent animal. 


There are some revealing movies of the first split-brain 
patients to be studied in Sperry’s lab. (By now, eighteen 
patients have been tested there.) One sequence shows a 
twelve-year-old boy seated before a screen with his eyes 
fixed on a point in the center of it. When pictures of vari- _ 
ous objects were flashed to the right or left of this point, 
each picture is seen only by the opposite hemisphere. A 
picture is flashed in the boy’s left visual field, which is con- 
trolled by his right half-brain, and the boy says he saw 


nothing. (That, of course, is the left hemisphere 


speaking.) But at the same ‘time his left hand (controlled 
by his right hemisphere) searches behind the screen, reject- 
ing a wide variety of objects, until it finally finds, by 
touch, what it is looking for: a pair of scissors, to match 
the scissors that the right hemisphere saw on the screen. 

In other frames, W. J. is seen trying to arrange some 
colored blocks according to a diagram. He has no trouble 


_at all doing this construction test with his left hand. But » 


when his right hand tries, it gets hopelessly mixed up. Im- 
patiently, his left hand shoots forward to help him, but the 
experimenter pushes it back. The right hand continues turn- 
ing the blocks this way and that, achieving nothing. 
Again the left hand tries to come to the rescue, only to be 
pushed back. Peeved, W. J. sits on that hand to keep it 
quiet. But he still can’t do the block design with his right 
hand. When he is told he can try it with both hands, how- 
ever, the situation grows even worse: the two hands seem 
to fight for control, with the right hand tearing down 
whatever the left hand has built. 

In spatial abilities, the right hemisphere is clearly tops. 


one small part of the cross at a time, and was unable to = e 
finish the pattern. With six separate strokes, he had made 
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It also recognizes faces better than the dominant left, as" 
was shown recently with the aid of some very curious split 
faces developed by two of Dr. Sperry’s colleagues, Drs. 
Colwyn Trevarthen and Jerre Levy. They cut several pic- 
tures of faces in two, then stuck some unlikely combina- 
tions together—the left side of an old man with the right 
side of a young woman, for instance—and flashed each 
composite picture briefly on a screen. The split-brain pa- 
tients who were used as subjects for this experiment kept 
their eyes fixed on a red dot in the center of the com- 
posite, so that the half-face in their left visual field could 
be projected only to their right hemisphere, and vice 
versa. After each composite picture had appeared on the 
screen, the patients were shown a choice of faces and 
asked to “point to the face you saw.” Whether they used 
their right or left hand, they always pointed to the face 
matching the half that had been flashed on the left side of 
the screen, the half that had projected to the right side of 
their brain. This indicates that recognizing faces is a spe- 
cial ability for which the right hemisphere is dominant, the 
researchers believe. The left hemisphere never had a 
chance to select its candidate, since the right hemisphere 
always made the choice first. (Even in a split-brain pa- 
tient, the right hemisphere can still control some move- 
ments of the right hand, as well as the left.) When, in- 
stead of pointing, the patients were asked to tell what they 
had seen, however, they made the opposite choice and de- 
scribed the half-face on the right, since that was the only 
thing their verbal side had seen. But they replied strangely, 
as if in a dream, explaining that they were confused. - 
“Sometimes they said, vaguely, that they didn’t quite 
remember. However, they never once complained that 
there had been anything strange about the picture itself. 

In general, the right hemisphere seems better at grasp- 
ing the total picture, the Gestalt, of a scene. And this tal- 
ent cannot be limited to people whose brains have been 
split. It must be a form of specialization in all people, re- 
sulting from a division of labor much like that which gave 
language to the left. hemisphere. 

How many other special skills or talents are the prov- 
ince of the right hemisphere? Nobody knows. But many of 
man’s more poetic or imaginative aspects may stem from 
there. A few years ago the Russian psychologist A. R. 


Luria described a composer who became speechless after — 
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a stroke, yet went on to compose better music than ever _ : 
before. He could no longer write the notes, but he could 
play and remember them. Other people who lost the use 
of their right hemisphere remained able to speak, but 


could no longer remember melodies. So musical talent, — 
too, appears to be located in the right hemisphere. 
Nor is the right hemisphere totally wordless, after all. 


With the exception of W. J., who had had more damage 


to his brain before his operation, the patients examined in 
Sperry’s lab have usually proved able to understand simple — 
nouns and a few elemental verbs with their right hemis- 
phere. Some could even add up to ten, as long as this was 
expressed nonverbally. ; 

There is thus a lot of brainpower in the mute, inarticu- 
late hemisphere. Coupled with this comes a full comple- 


’ ment of emotions. One part of the movie made in Sperry’s 


lab shows a young: woman beginning to smile in an embar- 
rassed way as the picture of a nude is flashed in her left 
visual field. When she is asked what was on the screen, 
however, the young woman replies that she saw nothing. 
Again the nude is flashed on the left side of the screen. 
This times the young woman blushes. A slow grin spreads 


_ across her face, and she even hides her face in embarrass- 


ment. But when asked what she saw, she again insists that 
there was nothing there. Pressed to explain why she was _ 
laughing, all she can say is, “Oh, that funny machine!” 

Just as the right hemisphere can make the whole face 
laugh (though the left hemisphere does not know why), it 
can make it express displeasure, even after the corpus cal- 
losum has been cut. “This is evidenced in frowning, winc- 
ing, negative head-shaking, and the like, in test situations 


where the minor hemisphere hears the major making stu- 


pid verbal mistakes—in other words, where the correct 
answer is known only to the minor hemisphere,” notes 
Sperry. “The minor hemisphere seems in such situations to 
be definitely annoyed by the erroneous vocal response of 
its better half.” At such times, though, the verbal half- 


_ brain would be unable to tell why the face to which it is 


attached frowned or winced, or why the head shook. 

All these abilities point to the presence, in the right 
hemisphere, of “a second, separate, conscious system that is 
definitely human in nature,” as Sperry puts it. Neverthe- 
less, the dominant hemisphere clearly does not trust its 
twin, at least in split-brain patients, and generally prefers 
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to ignore it, if not put it down. The left hemisphere will . 
usually deny that the left hand can do anything like re- 
trieving, out of a grab bag, some object previously felt by 
that hand. When asked to do this for the first time, 
Sperry’s -subjects generally complain that they cannot 
“work with that hand,” that the hand is “numb,” or that 
they “just can’t feel anything” or “can’t do anything with 
it.” If the left hand then proceeds to do the job correctly, 
and this is pointed out to the patient, the speaking half 
will reply, “Well, I was just guessing,” or, “Well, I must 
have done it unconsciously.” It never even acknowledges 
the existence of its twin. 

- Much mystery surrounds the behavior of the two half- 
brains in normal people. Nobody knows whether these 
twin halves also ignore each other, . actively inhibit each 
other, co-operate, compete, or take turns at the controls. 
Sperry believes that they mostly co-operate, because of the 
200 million fibers connecting them. But there are other 
opinions. 

The best clues come from children and adults who have 
had terrible accidents. If a child’s left hemisphere is de- 
stroyed by a head injury or tumor before he is five or 
maybe even ten years old, he can learn to speak again— 
sometimes after a year of silence. His right half-brain will 
slowly take over the job. Not so for adults, who regain 
some speech after a stroke only if they have enough unin- 
jured tissue remaining near the injury, on the left side. 
They cannot use their right half-brain for speaking. If a 
young child is injured in the right hemisphere, however, he 
will also experience difficulty with speech; though an adult 
would not. 

“The young child has speech and language on both sides 
of his head,” Gazzaniga believes. “He is, to some extent, a 
split brain, whose hemispheres tend to develop indepen- 
dently and duplicate each other.” At birth, the corpus cal- 
losum is only partly developed. It isn’t until a child is 
about two years old that the link between his two hemis- 
pheres becomes really functional, so that everything ex- - 
perienced by one side is instantly available to the other. At 
that point, duplication of learning becomes less frequent, 
and true specialization begins. 

By the age of ten, dominance for speech—and probably 
for other skills as well—is fixed. Tasks of synthesis, spatial 
perception, and music apparently go to the right side. The 
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t side gets all the sequential, verbal, analytical, com- = 


tends to interfere with top-level performance in the — 
- other,” Sperry notes. To avoid bottlenecks, eventually 
- most of the traffic flows in one direction, while few oppor- — 
“tunities arise for the other hemipshere to develop its own 
skills. The “traffic top” in this case may well be the corpus — 
callosum. The speech learned by the right hemisphere in 
early childhood is thus functionally suppressed, In time, it 
may be lost or perhaps erased. 

In California, recently, two young psychologists have 


suterlike activities. And, strangely, “excellence in one 


been studying how normal people use or suppress their 


hemispheres. When you write a letter, for instance, does the 
left side of your brain show more electrical activity than 
the right? By pasting electrodes on the scalps of volun- 
teers, Drs. Robert Ornstein and David Galin of the Lang- 
ley Porter Neuropsychiatric Institute in San Francisco’ 
have found that this is indeed the case, at least in right- 
handed people. The left side of their brains produced the 
characteristic fast waves of attention or activity, while the — 
right side relaxed with slow, high-amplitude waves, includ-— 
. ing the alpha rhythm. When the volunteers were asked 
simply to think about writing a letter, thus eliminating the 
effect of muscle movements, the pattern was exactly the 
same, Their right half-brain again relaxed, idle, and their 
left half showed fast waves. A similar pattern appeared 
when they read a column of print, did mental arithmetic, 
made up a list of verbs beginning with the letter “R,” and 
- completed sentences. But exactly the reverse happened 
when they tried to reproduce designs with four-colored 
blocks, remember musical tones, or draw with an Etch-a- 
Sketch: this time, the left side of the brain had more al- 
pha rhythms, as if it were turned off, while the right side 
showed fast waves. 

“Our opinion is that in most ordinary activities, we sim- 
ply alternate between cognitive modes, rather than inte- 
grating them,” declare Ornstein and Galin. “These modes 
complement each other but do not readily substitute for | 
each other.” Thus, when people are asked to describe a 
spiral staircase, they may begin by using words, but soon 

switch to hand gestures. 
Ideally we should be able to turn on the appropriate 
hemisphere and turn off the other, whenever the task re- 
uires it. But in fact we cannot always do so. “Most peo- — 
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\ 
ple are dominated by one mode or the other,” observes 
Dr. Ornstein. “They either have difficulty in dealing with 
crafts and body movements, or difficulty with language.” 
Culture apparently has a lot to do with this. Children from 
poor black neighborhoods generally learn to use their right 
hemisphere far more than their left—and later do badly 
on verbal tasks. Other children, who have learned to ver- 
balize everything, find this approach a hindrance when it 
comes to copying a tennis serve or learning a dance step. 
Analyzing these movements verbally just slows them down 
and interferes with direct learning through the right hem- 
isphere. 

“We don’t have the flexibility we could have,” says Orn- 

stein. “We are under the illusion of having more control 
than we really do.” Early in life, it seems, we become 
shaped either as a “left-hemisphere type,” who functions 
in a largely verbal world, or as a “right-hemisphere type,” 
who relies more on nonverbal means of expression. These 
are two basically different approaches to the world. 

So fundamental are these differences that they influence 
even the direction in which our eyes turn when we think. 
This was discovered by Dr. Merle Day, of the VA hospi- 
tal in Downey, Illinois, but I learned it from Dr. Ernest 
Hilgard, of Stanford University, while talking to him 
about his work on hypnosis. Dr. Hilgard suddenly stared 
at me, leaning close to my eyes, and said, “Count the | 
number of letters in Minnesota.” I did so, avoiding his 
gaze to concentrate better. “You looked to the right,” an- 
nounced Dr. Hilgard when I finished. This meant that my 
left hemisphere was more easily activated than my right, 
he explained. Since electrical stimulation in the right side 
of the brain makes both eyes veer to the left, and vice 
versa, looking to the right while thinking showed that the 
left hemisphere was preferred. However, it also meant 
that I was not very hypnotizable, since various experi- 
ments have shown the right hemisphere to be more amen- 
able to hypnosis. People who look to the left tend to pre- 
fer nonverbal tasks, to favor their right hemisphere, and 
to be easily hypnotized. An unusually large proportion of 
those who look to the right, as I did, turn out to be scien- 
tists, researchers, writers, or others who spend much of 
their time at analytical tasks. 

When the habit of always-using the same side of the 
brain becomes too pronounced, it can narrow one’s per- 
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- dominance to the other side when necessary. They plan to 
try it out on people who are really specialized, such as 


lity, Drs. Ornstein and Galin believe. The two re- 
rchers are currently working on a test that may enable 


them to tell which half-brain a person chronically favors, — eo 
and whether this habit interferes with the ability to shift 


Ralph Nader (a left-hemisphere type who has no hobbies. S 


of any kind) and right-hemisphere potters, dancers, and 


sculptors (“preferably people who have trouble with lan- 
guage”). They expect to find significant differences be- 


tween the two groups. This should give them a tool with — : 


which to guide children or adults to new aspects of them-— 


selves, to open them to a full range of experiences. 
Eventually, they hope, people will learn to activate the 


left or right hemisphere voluntarily. This has already been 


tried in their lab. With electrodes on their scalp to record — 


changes in their brains’ electrical activity, and earphones 
to inform them instantly of how they are doing, half a 


dozen volunteers have attempted to increase the asymme- 
try between their two half-brains. So far the results appear 


promising: nearly all of the volunteers have managed to 
activate one hemisphere more than the other, through 


feedback. They have produced as much asymmetry in this 


way as when actually concentrating on mental arithmetic 


or drawing, One subject produced even more asymmetry 
_ through bio-feedback than through a change of tasks. 

Some training of this kind may prove particularly useful 
for children who suffer from what is generally called 
dyslexia, or specific learning disabilities—a variety of sub- 
tle perceptual difficulties that interfere with reading, writ- 
_ ing, or spelling. About 10 percent of the nation’s children 
cannot process the information received from their eyes or 
ears with sufficient accuracy. Despite normal vision and 
hearing, and normal or even superior intelligence, they 
may confuse left and right or up and down, or give other 
evidence of poor co-ordination. Their symptoms have baf- 
fled doctors for years. At a National Academy of Sciences 
conference in 1969, Dr. Sperry suggested that their prob- 
lem may be “an overly strong, or extensive, perhaps 
- bilateral, development. of the verbal, major-hemisphere 
type of organization that tends to interfere with an ade- 
quate development of spatial gnosis [knowledge] in the 
~ minor hemisphere.” If there is verbal development on both 
ides of the brain, the right hemisphere’s special skills can- 
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not fully emerge. At the same time, the verbal, analytic 
skills may suffer from what Gazzaniga calls a problem in 
decision-making—“Like a husband and wife trying to de- 
cide what to have for breakfast; one of them’s got to take 
the lead.” If these children don’t have a well-established 
decision system, and then receive two different interpreta- 
tions of the world, they may be confused or slowed down. 
Through practice, they might learn to rely on one hemi- 
sphere more than the other, thus straightening out their 
lines of command. 

All these attempts at making better use of the hemi- 
spheres’ specialties pale before the urgency of aiding people 
who have lost one half of their brain through a stroke. 
The most pathetic of these patients are those who strain to 
speak, write, express themselves, but cannot, because the 
left side of their brain has been damaged by a blocked 
blood vessel. With only their right hemisphere available, 
they are speechless. Yet there is some preliminary evi- 
dence that they may be trained to communicate again, in 
a rudimentary way. 

Surely the right hemisphere of a baman being is clevy- 
erer than the whole brain of a chimpanzee, Gazzaniga rea- 
soned. And if chimpanzees can be taught to converse 
through sign language or plastic symbols, as they appear 
to have been recently (see Chapter 1), why couldn’t 
stroke victims learn to communicate as well? 

Fired up with enthusiasm after a visit to Santa Barbara, 
where Dr. David Premack had taught a chimp to commu- 
nicate by means of plastic symbols, Gazzaniga suggested 
to a graduate student, Andrea Velletri Glass, that she start 
reading up on aphasia (the inability to speak) and prepare 
for a great project. For the next two years, Ms. Glass 
worked with a series of speechless patients at NYU’s Insti- 
tute of Rehabilitation Medicine, half an hour a day, five 
days a week. Her first patient was an eighty-four-year-old 
woman who could neither speak nor understand speech, 
but who could see that Ms. Glass was young and smiling 
at her. She responded, smiling feebly back. Ms. Glass then - 
showed her some kitchen objects: two identical pots, for 
instance, and a spoon. She indicated that she wanted the 
woman to pick out the two objects that were alike, and 
she repeated the procedure with two forks and a knife, 
and two bananas and an orange. Her patient understood 
very rapidly. (With chimpanzees, teaching the concepts 
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| “same” and “different” is a long and tedious business.) 
Then came the first “word’—a green, doughnut-shaped 
| cutout that Ms. Glass had made out of construction paper. 
Laying out the two identical pots on a table, she placed 
the cutout between them. With her mobile, expressive 
| face, she urged her patient to do the same. It did not take 
| the old woman long to figure out that she should insert the 
| cutout between all objects that were the same. She did so, 
| with her good left hand. Her reward: a big smile and ex- 
| pressions of joy on Ms. Glass’s face. Next she learned the 
| word “different”’—a hexagon made of orange paper. 
| Within two months, she had a vocabulary of some twelve 
| symbols that she could pick out and place in the appropri- 
| ate order to make simple statements, such as “Andrea 
pours water.” She knew nouns, negatives, and a question 
| mark, but verbs were extremely difficult. 
_ “We've had twelve patients so far,” says Gazzaniga, 
“and it works! That is, it works if they are still bright- _ 
_ eyed. If they are emotionally flat, if they don’t want your 
smile, why should they arrange those shapes to please 
| you?” 
,, Dr. Premack’s chimpanzees have learned much more 
‘language than these patients, but only after highly inten- 
sive lessons (several hours a day) for two years, rather 
than short lessons for two months. This raises the possibil- 
ity that the stroke victims, too, could develop a working 
vocabulary with which to express their basic needs and 
feelings. Unfortunately, Ms. Glass had to stop her lessons 
after a short time as each patient was dismissed from the 
hospital and sent to a nursing home in another part of the 
country. The eighty-four-year-old woman, for instance, 
went off to Florida, and Ms. Glass herself is now moving 
to Pittsburgh. But eventually she hopes to expand this kind 
- of program to incorporate the whole nursing staff in a 
hospital, the family, and, if necessary, the nursing homes 
where her patients will live. “Half an hour a day is all 
right for experimental purposes,” she says, “but to really 
help the patients, they should be encouraged to use the 
system twelve hours a day.” The symbols could then be 
made of Velcro, which sticks to a Velcro board at any an- 
gle, and the word each symbol represents could be printed 
on it for the benefit of all the literate people who wish to 
communicate with the patient. 
It is not yet clear how far these patients could progress, 


te eae 


Sak 


144 THE BRAIN CHANGERS. 


given enough time. In part this depends on whether their 
memory is still good—some of them were approaching | 
senility at the time of their strokes. But the research team _ 
was surprised to find how much most of the patients could 
do with their left hands: they could pick out printed 
words from nonsense syllables, and even spell some simple | 
words when given cut-out letters to handle. This was far 
more than these global aphasics had been given credit for, — 
and the team found it highly encouraging. 

We can experience many things outside of the normal 
language system, as do young children before they learn 
to speak. Gazzaniga recently tested two patients at the 
Cornell Medical School who were being examined for 
brain tumors. They were about to undergo angiograms— 
X-rays of their brain’s blood vessels, made visible with a 
special dye. While a needle was in place in their left carot- 
id artery, in the neck, to prepare them for the injection | 
of dye, small doses of Amytal (an anesthetic) were inject- 
ed into their left hemisphere, putting it briefly to sleep—a 
method used in many studies of brain function. The pur- 
pose was to show exactly which side their speech center 
was on. 

“It’s a very dramatic procedure,” reports Gazzaniga. 
“The patient lies on a table, with both hands held in the 
air. Twenty seconds after the drug goes in, his right hand 
sinks down—he’s completely paralyzed on the right side, 
though the other side of his brain remains awake, for a 
minute and a half. This is our testing time. We put an ob- 
ject, say a cigarette, in his left hand. He feels it. His right 
hemisphere, which controls that hand, is wide-awake. We 
remove the cigarette. Then the effects of the Amytal wear 
off and the left hemisphere wakes up: We ask the patient 
how he feels. ‘Fine,’ he replies. ‘What did I put in your 
_ hand?’ I ask. ‘I don’t know,’ says the patient. ‘Are you 
sure?’ ‘Yes,’ he says. Then we show him a series of ob- 
jects—a pencil, a pad of paper, a comb, a cigarette—and’ 
ask him, ‘Which one was it?’ In spite of everything he has 
said, his left hand immediately points to the cigarette.” 

This shows that the memory trace, or engram, of the 
cigarette was encoded in his right hemisphere, and that it 
could be expressed nonverbally, but that the verbal side of 
his brain did not have access to it. ; 

“It’s a psychiatrist’s dream,” Gazzaniga says. “Some- 
thing that’s there, in the patient’s brain, and that influences’ 
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‘is ‘behavior, but that he can’t get at!” It may explain why 
memories formed in earliest childhood are inaccessible, he 
aotes. The memories may be sharp and clear. They may - 
zontrol future behavior. But since they were formed be- 
fore the child learned to speak, they cannot be recalled 
through the language system, not even through what the 

Russian psychologist Lev Vygotsky called “inner speech,” 

speech for oneself, or thought. 

Vygotsky believed that thought is born through words. 
Without words, he said, quoting a Russian poet, “My 
thought, unembodied, returns to the realm of shadows.” 
Our earliest memories, too, dwell in a realm of shadows. 
And yet, something was experienced, and something of its . 
flavor remains to haunt us through the rest of our lives. 

Perhaps the right hemisphere’s functions are too 
shrouded in shadows to be called thought. According to 
the Australian physiologist Sir John Eccles, a Nobel Prize 
winner, the right hemisphere cannot truly think. He makes 
a clear distinction between the “consciousness” of sounds 

or smells, which we share with animals, and the world of 
language, thought, and culture, which is man-made. Ani- 
mals can be conditioned, but they cannot create a culture, 
he claims. Primates leave no constructions, no art, nothing 
that can live beyond their own time, despite a brain almost 
as large as man’s. In his opinion, everything that is truly 
human derives from the left hemisphere, where the speech 
center is, and where interactions between brain and mind 
occur. When the right hemisphere of a woman whose 
brain has been split sees something that makes her smile or 
blush, it’s not correct to say she can’t report why she 
smiled—she doesn’t know why she smiled. Only the left 
hemisphere can have true thoughts or true knowledge, 
through language. 

“Could the right half of the brain appreciate Chaplin’s 
| silent movies?” Eccles was asked at a meeting of the Soci- 
| ety for Neuroscience recently. “How would you know?” 
he shot back, to much laughter in the audience. Both the 
report of such appreciation and our understanding of it 
would require the left hemisphere. 

“Nevertheless, the evidence increasingly favors a gener- 
| ous view of the right half-brain, whose role may be far 
more important than we know today. 

_ When Einstein was asked how he arrived at some of his 


most original ideas, he explained that he rarely thought in 
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words at all. “A thought comes, and I may try to express » 


it in words afterwards,” he said. His concepts first ap- 
peared through “physical entities”—certain signs and more 
or less clear images that he could reproduce and combine. 
These elements were “of visual and some of muscular 
type,” he added. “Conventional words or other signs have 
.to be sought for laboriously only in a secondary stage, 
when the mentioned associative play is sufficiently estab- 
lished and can be reproduced at will.” This held true only 


for his creative work in physics; in other activities, he had | 
no trouble with words. He liked to compose limericks, and — 
his letters were both fluent and pithy. Apparently he could © 
make exceptionally good use of both sides of his brain. — 
However, his love of music and his reliance on nonverbal | 
concepts seem to indicate a preference for his right hemi- — 


sphere. 


For centuries we have concentrated largely on the ver- — 


bal side of our brains: the side that produces things we 


know how to analyze and measure. Our mute half-brain 


remains uncharted. We know almost nothing about how — 


the right hemisphere thinks, or how it might be edu- 
cated—and we have just begun to discover how much it 
contributes to the complex, creative acts of man. 


Chapter Eight 


Improving or Destroying 


Memory 


’ 


He is famous in neurological literature as “H. M.”—only 
his initials are given, to protect his privacy, now that ev- 
erything else is gone. I dreaded meeting him, for the same 
_reasons that I would feel guilty and embarrassed at mect- 
ing a survivor of Hiroshima. : 

_ The taxi let me off before a modest row house in Hart- 
ford, Connecticut. The door. opened, and there was H. 
M.—a tall, graying man in baggy trousers, the man for 
whom time stopped in 1953 under the surgeon’s knife, 
during a brain operation intended to cure him of epilepsy. 
It was a radical operation, in which large parts of both his 
left and right temporal lobes (the areas around his ears 
and temples) were removed, and the surgeon cut unusu- 
ally far into his patient’s limbic system. Since then, H. M. 
has been unable to form new memories. It’s not the past 
‘that gives him trouble—unlike some victims of amnesia, 
he remembers his background very clearly. It’s the present 
he cannot grasp: everything disappears from his mind so 
quickly that his own life since 1953 remains a total blank. 

- At first glance, H. M. seemed completely normal. He 
greeted me at the door with a cordial smile, took my coat 
and ushered me to a seat in the small living room. His 
eighty-three-year-old mother sat down facing us. I had 
been told that H. M. did light assembly work in a rehabil- | 
itation center every day, so I began by asking him whether 
he enjoyed his work. As H. M. hesitated, looking puzzled, 
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his mother promptly answered for him. No, he can’t go to 
work any more, she said, because’ the woman who used to 
drive him there moved away, “so he just stays home.” 
H. M. remained silent. He began to knead his fingers ner- _ 
vously. I turned to him and asked whether he went out at 
all these days. “He can’t, because he gets lost,” his mother 
answered again. “I always have to keep the door locked, 
or else he might walk out and never find his way back.” 
H. M. gestured helplessly. “That’s just it,” he said in a low 
voice. “I don’t remember things... .” 

He is now forty-seven years old. He cannot recognize 
his next-door neighbors, because his family moved to the 
present house twenty years ago, shortly after his oper- 
ation. Once, when a psychologist who was driving him 
back from a medical center asked him to help her find his 
house, he guided her to a street that he said was quite 
familiar to him, though he admitted it was not the right — 
address. The psychologist then called his mother and 
learned they were on the street where H. M. had lived as a 
child, before his operation. During his stay at the medical 
center, he had kept ringing for the night nurse, and with 
repeated apologies asked her again and again where. he 
was and how he came to be there. One of the nurse’ fled 
in tears, unable to stand it any more. His doctors noted 
that if they walked out of the room for even a few min- 
utes and then returned, he did not know them—they had | 
to be introduced to him all over again. 

When H. M. wants to describe his own state, he often 
says, “It’s like coming out of a dream, but it’s getting 
clearer,” not realizing he has said this many times before. 
He ends most sentences with the phrase “in a way.” “I 
take care of the yard, in a way,” he says. Whenever he 
does go out to rake leaves or shovel snow, his mother 
must keep watching him and remind him of what he is 
_ there for. . 

“I just walk around, in a way,” he says. “I don’t. 
remember other things I do habitually.” At this remark he 
suddenly shakes his head wonderingly and gasps, “Boy!” 

The operation that H. M. underwent had been per- 
formed experimentally once before, by the same surgeon, 
in an attempt to relieve a severely psychotic patient. Her 
memory also disappeared, but nobody noticed it—it 
seemed just one more symptom of her insanity. H. M., 
though, was clearly sane. He had above-average intelli- 
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‘ ence, a pleasant personality, a high school diploma, and 
_ for a while a good job with an electric-motor company. 
“His only problem was his seizures. At least once a week, 


“he suffered from grand mal attacks—terrible convulsions © 


followed by a loss of consciousness. These had begun on 
his sixteenth birthday, when “he gave a WHOO, it sounded 
like that, and his feet straightened out, stiff as anything,” 
his mother recalls. “We rushed him to the hospital—he — 


was so stiff it was hard to get him out of the car—and he — = 


didn’t come to until four hours later.” H. M. concurs. 
“That’s when I had my first big grand mal attack,” he 
says. “That was a birthday present-and-a-half to have!” 
Besides these fits, he also suffered from minor attacks— 
momentary lapses of attention—as often as six times an 
hour. But the really frightening part was the grand mal 
seizures. “He’d be talking to you, then he’d fall on the 
floor, like dead,” his mother says. Sometimes he would hit 
hard against the furniture as he fell. 

As these attacks became more frequent, his family lived 
in growing fear of them. It became impossible for him to 
work. He took nearly toxic doses of drugs, but nothing 
seemed to help. Then Dr. William B. Scoville, a neurosur- 


~ geon known for his development of a modified lobotomy 


called “cortical undercutting,” suggested removing part of — 
_ H. M.’s temporal lobes. In desperation, his parents agreed. 
“My husband talked me into it,” his mother says unhap- 
 pily, “though I didn’t like the idea.” 
The operation was performed under local anesthesia, 
with H. M. awake and talking throughout it all. In a sense 
‘it was a success—it did greatly reduce his epileptic at- 
tacks—but when it was over, his memory had died. Sud- 
denly he couldn’t recognize the hospital staff. Nor could he 
find his way to the bathroom. His real life—his ability to 
- understand what was happening to him, to learn, to make 
friends—everything that mattered had come to an end. 
Now H. M. sits at home, alone with his aged mother, 
~ next to old issues of the Reader’s Digest, which seem eter- 
nally new to him. Everything he reads vanishes from his 
mind, as if a slate had been wiped clean. He can do cross- 
word puzzles over and over again, never remembering that 
he has solved them before. “How old are you?” I ask. 
_H. M~ hesitates and looks around the room for clues. “I 
_ think around thirty-six . . .” he replies, then somehow re- 
embers what year it is (his mother says such memories 
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come “in spells”) and, by subtracting his birth date out 
loud, calculates that he is actually ten years older than he 
thought. The conversation moves on to his childhood 
friends. Brightening up at this reference to something he 
knows—the past—H. M. gets up, seeking a favorite snap- 
shot of himself with two of his friends. He goes to his room 
and starts rummaging through his drawers, desperately 
looking for the picture, which has been on his mirror for 
years. His rummaging becomes so frantic that finally his 
mother hears it from the kitchen, asks him what he wants, 
and tells him where the picture is. Still flustered, he brings 
it in. It shows him young and smiling, on a beach, a few 
years before his operation. One of the boys in the picture 
is now a physicist, his mother informs me. Both have gone 
to college, married, and led normal lives. No, she says, 
they never see H. M. 


Dr. Scoville is a busy, brusque, harassed surgeon with 
such a thriving practice in Hartford that sometimes he has 
to skip lunch. He strongly believes in neurosurgery, both 
of the spine (most of the cases that fill his office involve 
spinal nerve injuries) and of the brain. He welcomes the 
recent resurgence of interest in selective lobotomies and 
other forms of psychosurgery. He has no doubts about 
their morality. When he realized what his operation had 
-done to H. M., however, he was distressed. Anxious to 
warn other surgeons and prevent them from treating 
epilepsy in the same way, he set to work publicizing the 
case. 

First he got in touch with Montreal’s renowned Dr. 
Wilder Penfield, the neurosurgeon who had invented tem- 
poral-lobe operations for epilepsy. Penfield himself had 
never operated on both sides of his patients’ brains, as 


Scoville had done, but had limited himself to one hemi-. 


sphere. Nor had he had any serious problems with his pa- 
‘tients’ memory, except once, when a man inexplicably lost 
the ability to make new memories, much as later hap- 
pened to H: M. In trying to understand this earlier case, 
- Penfield conjectured that perhaps the man had had a dam- 
aged temporal lobe on the other side (abnormal EEGs 
gave some evidence of this), in which event the operation 
might have left him without some critical structure on ei- 
ther side; however, he could not prove it. So when he 
heard of Scoville’s catastrophic experience, “he was very 
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xcited, indeed,” Scoville recalls. At once he dispatched his 
senior experimental psychologist, Dr. Brenda Milner, to _ 
- Hartford to study H. M. and several other patients on — 

~ whom Scoville had performed similar surgery. ee 

What Dr. Milner found, and all students of neurology | 
now know, is that the key to new memories lies in a few — 
precious centimeters of the brain’s limbic system—in a 
small, sea-horse-shaped structure called the hippocampus, — 
about three centimeters long. When surgery stopped just 
before the hippocampus, sparing it, the patient’s memory _ 
was completely normal. If the hippocampus in one hemi-_ 

- sphere remained intact, memory might be temporarily dis- — 
. rupted, but it would return. However, if both hippocampi 
were damaged, the loss of memory was final. 

In the decades since his operation, H. M. has been © 
studied by a wide variety of psychologists, often for-weeks 
at a time, at such research centers as MIT and the Mon- 
treal Neurological Institute. His testing has been extensive, 
to say the least, and the tests have turned up some inter- 
esting anomalies. Although H. M. cannot verbally recall 
any recent events, he still seems able to learn new motor 
skills. He will do a mirror drawing or other motor task — 
better and better, yet keep denying that he’s ever seen the 
apparatus before. At the same time, his intellect and per- 
ceptual abilities remain intact. So does his memory for 
events up to about a year before his operation. 

His case is uniquely “pure-culture,” the researchers say 
appreciatively, meaning that in the confused search for the 
mechanisms of memory, it appears unusually clear-cut. 
Yet even here there are complications: what enables 

_ Hi. M. to carry on an intelligent conversation, to score 
« high on IQ tests, or to remember things for 4 span of 
nearly fifteen minutes? What allows him to recall his early 

| _ life so well? 
| Clearly, as H. M.’s case indicates, there is more than 
one kind or stage of memory—short-term memory, long- 
_ term memory, and perhaps others in between. There must 
_ be some form of registration, then some kind of retention 
_ process, and finally some system for retrieval. What actu- 
| _ally happens at any of these stages remains as elusive as 
an enigma wrapped in a mystery inside a riddle. Neverthe- 
ess, it is now possible for scientists to interrupt or speed 
_ up the process of memory at various stages and in many 
_ ways. At least in animals, the control of memory has be- 
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come frighteningly effective, despite the primitive state of 
our knowledge. 

A leading example of such memory research on animals 
is that of Dr. Bernard Agranoff, a mild-mannered bio- 
chemist at the University of Michigan’s Mental Health Re- 
search Institute. For some time now, Dr. Agranoff has 
been inflicting a loss of memory much like H. M.’s on 
thousands of goldfish—all in the interest of science, to 
study how memory is consolidated. 

New impressions are formed in only a few seconds, he 
explains, but unless they are fixed by some chemical proc- 
ess in the brain, they will fade away, much as a Polaroid 
picture fades unless it has been treated with fixative. “The 
only way we have to study this fixation process is to dis- 
tupt it,” he says somewhat defensively. “It’s true we’ve 
tried to disrupt memory, but we really are good guys.” 

He does not remove any part of the fish’s brains. (and, 
as he points out, fish don’t even have a proper hippocam- 
pus). He does not destroy anything permanently. He 
merely injects some puromycin, an antibiotic that blocks 
the formation of protein, into their skulls immediately af- 
ter they have learned a new skill, and the skill vanishes. 

The day I visited him, Dr. Agranoff was expecting his 
weekly shipment of eight hundred goldfish from a Mis- 
souri goldfish farm. Goldfish are quite intelligent, as fish 
go. It does not take them long to learn that they can avoid 
a mild electric shock by swimming to the other end of 
their tank whenever a light goes on. In Dr. Agranoff’s lab, 
in the dark, I watched a training session. Ten small fish in 
oblong plastic tanks were making rapid progress, as moni- 
tored by a computer: most of them crossed an underwater 
barrier in the middle of their tank as soon as the light 
flashed on, without waiting for the shock. By the end of 
the forty-minute session, which consisted of twenty trials, 
all the fish had learned it nearly perfectly. Normally, they 
would remember this skill for at least one month. 

To obliterate this memory, Dr. Agranoff found that he 
had to inject the puromycin into their skulls immediately 
after the training. If he waited one hour, it was too 
late—the memory had been fixed. Half an hour’s wait pro- ~ 
duced intermediate results, with some fish remembering to 

cross the barrier while others didn’t. 

By now, having “used up” a couple of hundred thou- — 
sand goldfish, Agranoff is convinced that puromycin and 
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f 


ilar chemicals act only on the consolidation stage of — 


agents block all over the brain,” he says, “but they pro- 
duce results only in those places where new protein is re- _ 


memory. “What I think is happening is that our blocking 


quired to fix a new memory.” The new protein must be _ 
formed within an hour after the event. Other stagés of — 


memory are not affected. For instance, when Agranoff in- 
jected puromycin into some goldfish before their training 
session, it did not interfere with the initial learning proc- 


ess—they learned to avoid shocks just as rapidly as any — 
other fish. Three days later, however, they remembered — ; 


nothing at all. : es 

Intrigued by this method of wiping out specific mem- | 
ories of something just learned—of a murder, perhaps, or 
the location of military secrets—a reporter once asked Dr. 
Agranoff, only half in jest, whether the CIA had been in 
touch with him about his work. Agranoff replied, with a 
smile, “I forget.” He is quick to point out that his experi- 
ments have been limited to fish. The effects of such chemi- _ 
‘cals on man might be lethal. All he is trying to do is learn 
more about the process of memory. 


The idea that biochemistry is involved in the storage of 

_memories won acceptance quite recently, in the 1960's. — 
Until then, memory was believed to be based entirely on 
electrical activity. Electrical circuits in the brain were ‘sup- 
posed to lay down lasting patterns, or “engrams,” which 
produced memories. The famed Harvard neuropsycholo- 
gist Karl Lashley spent a lifetime looking for such en- 
grams. Convinced they must be located somewhere in the 
cortex, he trained thousands of animals to run mazes or 
_ learn other skills, then systematically cut out piece after 
piece of their cortex, expecting that at some point this 
would also wipe out the memory of their training. But no 
matter where he cut, the memory survived—even when he 
removed 90 percent of the rats’ visual cortex. Finally, in 
“1950, after decades of struggling with the problem of how 
- information is encoded in the brain, Lashley declared in 
_ exasperation that “the necessary conclusion is that learning 
just is not possible at all.” : 

This sense of exasperation persists, despite striking ad- 
vances. The study of memory remains the most difficult 


and challenging field in the brain sciences. It has defeated, _ 


<= so far, the best efforts of some of the world’s most imagi- 
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native scientists, including men who dropped all their pre- 
vious research for its sake. It has attracted such Nobel 
Prize winners as Marshall Nirenberg, Jacques Monod, 
Francis Crick, and—perhaps most revealingly—the bril- 
liant and ambitious James Watson, author of The Double 
Helix, whose competitive instincts have been aroused by 
the race. The leading contenders for the key to memory 
are now laboring at white heat, in considerable secrecy, 
fully aware of the immense possibilities involved. 

If such men could crack the genetic code, why not the 
code of memory, which might also be cunningly embedded 
in some widespread, inheritable chemicals? We already 
know that animals rely a great deal on ancestral mem- 
ories, on so-called instincts that have been engraved in 
their brains by some genetic mechanism. A young squirrel 
taken away from its mother at birth and raised in isolation 
on concrete floors will still dig an imaginary hole in which 
to hide the first nutlike object it ever encounters. And 
even after twenty generations of breeding in laboratory 
cages, rats will revert to digging burrows in the ground at 
the first opportunity. Like these animals, the human baby 
is born with an impressive repertoire of abilities: it can 
suck, sleep, cry, salivate, kick. Its brain cells know how to 
organize themselves so that hunger leads to crying. The 
- next step—learning that crying will have a certain effect, 
will command attention, for instance—may not be so dif- 
ferent in kind. “The original solution is so elegant, simple 
and exact; why should nature, or physiologists, abandon it 
in favor of some other?” asks the University of California -— 
physiologist Robert Galambos. 

Whatever memory consists of, it must have some chem- 
ical component. Otherwise long-term memories could not 
survive deep freeze, hibernation, electroconvulsive shock, 
coma, anesthesia, or other conditions that radically disrupt 
the electrical activity of the brain. A chemical trace would 
also explain why memories are so widespread—why the — 
engram has eluded all who have tried to find its specific 
location in the brain. 

This is why so much excitement greeted the announce- 
ment, in 1958, that the brains of rats raised in enriched 
environments (where they presumably learned a great 
deal) were chemically different from those of rats raised 
in barren cages. The Berkeley team of Krech, Rosenzweig, 
and Bennett thus provided the first evidence of measura- 
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ble, biochemical changes in the brain owing to experience. 
However, these changes could not be attributed to any sin- 
gle type of learning, since the rats had spent months 
playing with a variety of toys. Far more specific changes 
were reported by a Swedish researcher, Dr. Holger 
Hydén, a few years later. 

Hydén found that when rats were trained to do a sort 
of tightrope act—to climb a thin wire at a steep incline to 
reach their food—the cells in the part of their brains that 
controlled balance contained 20 percent more RNA, the 
nucleic acid that transmits genetic instructions. This was a 
striking discovery, for it opened the possibility that any- 
thing that increased the cells’ RNA content might improve 
memory or learning, while anything that lowered the RNA 
level might produce forgetfulness. Hydén explained -that 
this RNA eventually gave rise to new brain protein—the 
very process that Agranoff interrupts in his experiments 
with goldfish. 

_ In memory research, no “facts” are safe, however. And 
‘as soon as a new theory is developed, it is savagely at- 
tacked by other scientists, especially by the neurophysiolo- 
gists. As students of the specific connections between 
nerve cells in the brain, the neurophysiologists had brain 
research pretty much to themselves until a decade ago. 
They remain its high priests, looking down at scientists . 
from other disciplines who have entered their preserve. 
Chemists such as Hydén command a certain respect from 
them, being considered hardheaded, though misguided 
(few neurophysiologists accept his findings). But their real 
contempt is reserved for such “soft” scientists as pyscholo- 
- gists, particularly those with far-out ideas. Some of them 
positively shudder at the name of James McConnell. 


_ Professor James McConnell, a witty psychologist at the 
University of Michigan, is the enfant terrible of brain re- 
| search. In his spare time he edits a humorous journal, the 
-Worm-Runner’s Digest, which, when turned back to front, 
| becomes the scholarly Journal of Biological Psychology. 
His critics—and he has many—claim that they can’t tell 
one from the other. The worms in the title are the tiny 
freshwater flatworms called planarians with which McCon- 
nell won fame in the early 1960s. 

- Worms can “eat” memories, McConnell claims. They 
can learn through cannibalism, simply by eating pieces of 


156 THE BRAIN CHANGERS ae 
educated relatives. “Someday we will be able to change 
the educational system by synthesizing memory molecules — 
in a test tube and injecting them into kindergarten kids,” 
he declares. “We could probably do it right now.” He adds” 
wryly, “I remain a controversial person. I can’t imagine - 
why....” : 

As a graduate student at the University of Texas, 
McConnell had merely wanted to test the conventional 
theory that learning resulted from changes at the synapse, 
the junction between two nerve cells. The simplest animals 
to have both a brain and true synapses, planarians, were 
seldom used for psychological experiments, but McConnell 
proved that they could learn to react to light when the 
light was followed by a mild electric shock. In the process, - 
he was struck by his worms’ extraordinary ability to re- 
generate: they could be cut into as many as fifty or even a 
hundred different pieces, and each piece would oe back 
into a complete worm. 

What would happen if he trained a worm, cut it in half, | 
and then let each half regenerate, he wondered. Would 
any memory of the training be retained? A few years 
later, when he became a professor at Michigan and had 
his own laboratory, he decided to find out. Two of his stu- 
dents, Allan Jacobson and Daniel Kimble, helped him 
train the tiny worms to react to light at least 92 percent 
of the time. The worms were then cut in half. A month 
later, when all the heads had grown new tails, McConnell — 
‘tested them and found that they remembered as well as 
trained planarians which had never been cut. This was not 
too surprising, since their brains were unchanged. But 
when the tail halves, which had had to grow entirely new 
brains, also remembered, few people besides McConnell 
believed the results. McConnell concluded that specific” 
memories were stored chemically within individual cells, 
not only in the brain, but throughout the animal's body. 

To test his theory, McConnell tried to graft pieces of 
trained flatworms onto the bodies of untrained animals, 
but most of the animals died. Then he thought of a much 
simpler method: why not let the untrained worms eat 
pieces of worms that had learned to respond to the light? 
He knew that planarians turn cannibal when they are hun- 
gry enough. Using a particularly voracious species of pla- 
narians, McConnell proceeded to starve them for weeks, 
then fed them tiny, chopped-up pieces of trained animals 
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the hope that they would absorb memories together 
with the pieces. 

“To our delight,” he wrote later, “the cannibals that had 
eaten educated victims did significantly better (right from 
the very first trial) than did cannibals that had eaten un- 
trained victims. We had achieved the first interanimal 
transfer of information, or, as I like to put it, we had con- 
firmed the Mau Mau hypothesis!” 

These results have now been replicated in more than 
twenty laboratories, in various parts of the world. But — 
many other laboratories have failed to find any such ef- 
fect, and among some conservative scientists the whole 
thing is treated as a joke. “One of the favorite parlor 
games of institutions is to fail to replicate McConnell’s 
studies,” confesses a young researcher; “we’ve been guilty 
of it.” Serious scientists have refrained from mentioning 
McConnell even in their footnotes, for fear of ruining 
their reputation. Others, who tried similar experiments, 
have avoided quoting him in their papers. 

“I’m ashamed of scientists, the way they’re treating this 
issue,” declares psychologist David Krech, who keeps an 
‘open mind on the subject even though his own lab, at the 
University of California at Berkeley, could not find any 
evidence of memory transfer. “The accusations! There are 
two camps, the Believers and the Nonbelievers. Each side 
accuses the other of lying, cheating, not reporting results.” 

As long as the memory-transfer experiments were lim- 
ited to the lowly planarians, they could be considered a 
‘mere curiosity. It was when the arguments moved on to 
tats, creatures so much closer to man, that scientists were 
forced to take a stand. The most acrimonious dispute 
erupted in 1965, when Allan Jacobson reported evidence: 
that specific memories could be injected into rats. The 
stakes were high. Dozens of researchers rushed to their 
labs to try and duplicate his results, despite the mockery 
of their colleagues. Within a year there appeared a seem- 
ingly polite, though devastating letter in Science magazine, 
signed by twenty-three scientists from six different re- 
search labs. They had tried to repeat Jacobson’s experi- 
ment, they declared, but had failed in every single case. 
As if to illustrate the seesawing of scientific opinion, how- 
ever, one of the signers suddenly obtained positive results 
just as the letter was going to press. This was Dr. William 
Byrne, a biochemist who now directs the University of 


OP 
4a 
: nice 


158 ~~«*THE BRAIN CHANGERS 


Tennessee’ s Brain Research Institute. Byrne found that b 
rats did learn to press a bar in a Skinner box with much 
more ease when they were injected with RNA-containing 
extracts from the brains of trained animals. He published 
his findings shortly afterward (he remains a Believer), and 
so the search continued. 
In 1966, McConnell, who never abandoned his theories — 
about memory transfer, began to work with rats. Rats are 
both more interesting and easier to train, he said. “Be-. 
sides, a lot of people wouldn’t give a damn about whether 
or not you’d achieved this kind of memory. transfer in 
worms.” He noted that only the simplest creatures, such as. 
planarians, can literally “swallow” learning. Men and 
other mammals cannot because their digestive systems 
would break down the food so thoroughly that the mem- 
ories would be lost. Therefore, McConnell trained rats to 
perform certain tasks, killed them, and then injected 
' RNA-containing extracts from their brains directly into 
the brains of untrained rats, to see if this would make 
them learn the skills more rapidly. Specifically, would they 
learn to press the bar of a Skinner box with their chins in 
fewer trials? Would it take them less time to learn to jump — 
up on a platform to avoid an electric shock? And would the 
extracts from the brains of rats trained for.these tasks — 
produce different kinds of behavior? Unlike the Nonbeliev- 
ers, he was looking for specific transfer of memories. A 
general facilitation of learning would not prove his point. 
The results of these and other tests in his lab were en- 
couraging: there seemed to be a specific transfer. But he 
could not shake off the controversies surrounding his 
work. There were always new details about the experi- 
mental procedures that might have been factors in his or 
other people’s successes or failures—for example, how the 
rats had been “gentled,” or tamed, what their prior experi- — 
ences had been, whether they were trained seven days a 
week or given a few days off. “I won’t be really happy un- 
til we have achieved a procedure that college freshmen, 
just reading a set of instructions; will be able to replicate 
successfully,” he declared. Finally he grew tired of all the 
arguments, and in 1972, he quit.. He shut down his lab, 
threw out all his experimental animals, and is now devot- 
ing himself almost entirely to his other major interest—be- 
havior modification—in schools, hospitals, and prisons. 
The discovery of memory transfer was premature, he be- | 
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ves—the field simply wasn’t ready for it. “Even if we’re 
‘right, it will take a decade or so for the opinion leaders to 
come round.” : : 

By now the focus of controversy about memory transfer 
has shifted to Dr. George Ungar, a Hungarian-born neu- 
rochemist who believes specific memories can be manufac- 
tured in the laboratory, with ordinary chemicals. Ungar © 
began by teaching mice to fear the dark. Normal mice al- 
ways prefer dark areas to light, but those in the experi- 
mental group received electric shocks every. time they en- 
tered a dark box. When he injected extracts from their 
brains into the abdomens of other mice, they, too, began 
to shun the dark almost as often as the trained animals, he 
reported.. His next move was to find out exactly what the 
brain extract consisted of chemically (he called it “scoto- 
phobin,” from the Greek skotos, darkness, and phobos, 
fear). Once he knew this, he asked a chemist to duplicate 
scotophobin, using nothing but laboratory chemicals. The 
synthetic scotophobin was then injected into normal rats 
and mice and reportedly worked nearly as well as the 
natural extract in making them fear the dark. At least 
eight laboratories are now trying to replicate this work. 

Most brain scientists continue to scoff at the idea’ that 
memories can be manufactured in a test tube. “It’s a lot 
of baloney,” declares a neurophysiologist vehemently, “a 
dead issue.” “It’s science fiction,” says a biochemist. Others 
teserve their judgment. “I really don’t know,” says Dr. 
Karl Pribram, a noted professor of neuropsychology at 
Stanford University. “There may be something there—but 
it doesn’t fit what we know.” ~ 


At the opposite extreme from the flamboyant and con- 
troversial experiments on memory transfer, and remote 
‘from the attempts to change the chemistry of memory 
throughout the brain, there have been some quiet but im- 
pressive advances in recent years by scientists who have 
- focused on smaller and smaller components of the brain, 
_ in search of certainty. Theirs is a happy life, for few quar- 
fels or accusations mar their work. On the contrary, they 
have won respect from nearly everyone in the brain 
sciences. < 
-. Their subject is often a loathsome, slimy creature from 
the ocean depths, a kind of sea slug called an aplysia. 
Aplysia have become so popular with neuroscientists in re- 
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cent years that they are in danger of becoming extinct. 
They owe this attention to the fact that they have rela- 
tively few but gigantic neurons—some of them almost a 
millimeter wide, or thousands of times larger than the 
neurons in the mammalian brain. This is a positive luxury, 
allowing researchers to insert microelectrodes into individ- 
_ual neurons with relative ease. It also makes it possible to 
pinpoint the function of each cell, to chart the cells’ con- 
nections, and to study the changes that occur during learn- 
ing—advantages well worth the unpleasantness of working 
with ugly creatures that leave a trail of sticky yellow slime 
behind them wherever they go. 
_ At New York University, Dr. Eric Kandel, who is both 
a psychiatrist and a physiologist, has concentrated on five 
specific motor cells in the abdominal ganglion of the aply- 
sia. This ganglion, a mass of some 1,800 nerve cells, does 
many of the things.the brain would do in a mammal: it 
controls the animal’s heart rate and other visceral respons- 
_es, as well as certain defensive reactions, such as with- 
drawing its’ delicate gill whenever nearby areas are 
touched. The five cells he isolated are the motor neurons 
that produce the gill’s withdrawal. By now Dr. Kandel 
knows them so well that he thinks of them’as old friends. 
“They’re unique individuals!” he exclaims. “You can give 
- them names and spot them in every animal. They hook up 
together in a fairly precise way.” He has become almost 
as well acquainted with a family of sensory neurons and 
several interneurons that bring these five cells information 
from the outside world. Since these specific neurons are 
prewired together in every aplysia, probably under genetic 
control, Kandel has tried to find out how the neurons 
learn anything. It is clearly not a matter of making new 
connections between them in this case. What changes, 
then, when this group of cells learns such basic facts of - 
life as what is important, or dangerous, and what can be 
safely ignored? How do they profit from experience? a 
The first time someone lightly touches an aplysia’s skin 
near its fragile gill, the gill retracts and withdraws into 2 
cavity, where it waits in safety until all danger seems past. - 
It is a most sensible reaction. If one touches the same spot 
repeatedly, however, without harming the aplysia in any © 
way, the animal soon gets used to the stimulus and stops 
withdrawing its gill. This is a phenomenon known to psy- 
chologists as habituation. “The same would be the case 
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h you,’ Kandel told me. He suddenly slapped his palm 
so loud that I jumped—it sounded like a pistol 
“You see, you startled! However, if I wefe to con- — 
e to bang, you’d think this is just a damn nuisance, and 
u’d ignore it,” he said. Habituation is generally consid- 
red to be the simplest form of learning. But it is highly — 
specific, for if the stimulus changes in any way—if the © 
aplysia’s skin is touched ata slightly different spot, for in- 
“stance, or with a slightly different pressure—the animal’s 
_ gill withdraws just as fast as ever. 
By lifting the aplysia’s abdominal ganglion out through Shoat 


a slit in the skin, and onto a kind of illuminated stage, 


Kandel and his colleagues have been able to study the five 
Motor neurons at the very time these were habituating to 
a touch on the aplysia’s skin near the gill. They found that 
_as the animal stopped withdrawing its gill, these motor - 
_ neurons stopped firing because the connections between 
them and the sensory neurons (which bring information 
from the skin) had grown ineffective. Under normal cir- 
cumstances, these connections are quite effective, Kandel 
points out. “A learning experience can change the effec- 
tiveness of these connections from average to zero, or else 
to highly effective,” he declares. “We now have examples. 
‘of both such events.” 
2% If, instead of just touching the aplysia’s skin lightly, one 
_ gives it a strong electric shock twice a day for ten days, 
the animal reacts in a manner opposite to habituation: it 
ecomes hypersensitive. “You can get a dramatic enhance- 
ent of the gill-refiex response,” Kandel says. “The re- 
“sponse becomes two to eight times more powerful than in 
the control animal. And this makes functional sense. When 
‘an animal learns there is no danger, it is uneconomical to 
‘continue to withdraw. But with two powerful shocks a 
ay, the animal lives in an environment that is chronically 
~ dangerous. As a result, it reacts even to a weak stimulus.” 
__ For messages to’ travel in the brain as they do, flowing 
through millions of neurons in a split second, enough 
_ chemical neurotransmitter must be - released at the 
_ Synapses to change the electrical potential of each neuron, ‘ 
thereby triggering an electrical impulse that releases more 
neurotransmitter at the next synapse and allows the proc- 
sss to start all over again. In the two decades since this 
ystem has been understood, the role of the neurotransmit- 
‘s has loomed ever larger. Now it appeats, from. re- 
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search such as Kandel’s, that the amount of transmitter — 
released by a specific neuron may vary according to previ- 
ous experience. If the stimulus seems harmless, the 
amount of transmitter may decrease, and the animal will 
habituate, or stop responding. If the stimulus changes and 
the animal is startled again, the transmitter may flow as 
freely as before, and the connections between the neurons 
will suddenly be restored to effectiveness. If the stimulus 
becomes exceptionally strong and menacing, however, 
there will be an oversupply of chemical transmitter, and 
the animal will-become hyperresponsive. 

One key to this activity is found in the ene that 
decides what is dangerous and what is not. Such decisions 
require incredibly swift and complex processing, for the — 
ganglion must remember what happened before and then 
compare the present stimulus with the past in order to 
draw its conclusions—and all this for the simplest form of 
learning. 

Even though he is still worlds away from understanding — 

how the ganglion does it, Kandel believes that the only re- 
liable way to learn about learning is to start with the sim- 
plest systems and work one’s way up. One can start at an 
even more elementary level: Nobel Prize winner Marshall 
Nirenberg and others are now studying how a single cell 
accumulates neurotransmitters, for instance. Instead of 
isolating a few cells in a live animal, they work in tissue 
culture, measuring the minute changes in a single cell as it 
reacts to transmitters from another cell—in a dish. 

_ Eventually Kandel hopes to use sea slugs and other sim- 
ple animals to develop models that might shed light on 
mental illness. If animals can learn to be hyperresponsive, 
it should be possible to produce chronically anxious, neu- — 
rotic aplysia or squid. Several different mental diseases 

could be modeled in this way. Since the animals’ nervous 
systems would be known intimately, the changes that oc- — 
cur in them as they become disturbed ‘and also during 
recovery could be observed in great detail. Various thera- — 
pies might be tried on them. Considering how much of 
mental illness remains a mystery, such models might be a 
major contribution to research. 

Whether they choose to study the memory of a few — 
cells, as does Kandel, of fish, as does Agranoff, or of hu- 
man beings, as in the case of H. M., the scientists who try 

to decipher memory seldom tackle the biggest problem of | 


ence of memory in the animal’s behavior or‘in his brain’s _ 
chemicals. The code itself seems beyond our comprehen- 


eachhead in this field. Not only do we fail to understand — 
e brain’s extraordinary filing system, but we have no ex- 
slanation for Lashley’ s finding that memories survive 
“rate and subtle and widely distributed throughout the brain. © 
Recently, Karl Pribram suggested a new approach, 
ased on what he calls “the most sophisticated principle of 
formation storage yet known: the principle of the holo- 
gram.” This was originally developed by the physicist 
‘Dennis Gabor in the late 1940’s to improve the quality of 
photographs taken through an electron microscope. The 
ologram requires laser light, which shines in a pure, 
traight beam rather than spreading in all directions as does 
ordinary light. The laser light from a single source must be 
split: into two parts, so that one part is bounced back by 
an object or scene, while the other part interacts with this 
_ reflection. The resulting interference pattern is then record- _ 
d on film. This is the hologram. It does not look like the 
ginal subject at all, but it has a great virtue: “If even a 
mall corner of a hologram is illuminated by the appropri- 
ate input, the entire original scene reappears,” explains 
ribram. “Moreover, holograms can be layered one on top 
f the other and yet be separately reconstructed.” If mem- 
ries are stored in similar “neural holograms” caused by 
the interaction of different nerve impulses, Lashley’s find- 
ings suddenly make sense. 
-Pribram thinks that we remember scenes from our past 
n a two-stage process. Some stimulus—a glimpse, a 
a ~ sound, or perhaps a taste—triggers a short-term memory 
~ mechanism, which searches through our enormous file of 
holograms for the best fit. When it finds some association, 
‘large segments of the holographic mechanism become in- 
volved, the zoom ‘is extended so that attention is focused 
on. one or another detail; attention is concentrated.” He 
points out | that J Nea ‘mages can | be St peepored on a 


bat it exists : ond. work around it, looking for evi- 


sion, and thinking about it can drive one crazy, complain - : 
‘the few psychologists, such as Rockefeller University’s 
rofessor George Miller, who have tried to establish a 


_ nearly all brain injuries..The memory file is at once accu- 
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single holographic plate, on successive exposures, so effi- 
ciently that some ten billion bits of information can be 
stored usefully in a cubic centimeter. Yet each image can 
be retrieved immediately and with ease, without being af- 
fected by any other. No other coding mechanism known 
to man can equal this performance, and, so far, none can 
come closer to matching the brain’s ability. 

It is an attractive hypothesis, perhaps even correct. 
Several new bits of evidence about the sensitivity of brain 
cells fit in with it. But we may not know the truth for gen- 
erations. 

Regardless of how it is encoded, however, everything 
we do leaves a trace in our brains. Every event, every 
emotion or experience is permanently engraved, even if — 
we never summon it to awareness. It must be there some- 
» where, awaiting only the right stimulus to appear, as the 
monumental work of Wilder Penfield has shown. 


In 1936, a sixteen-year-old girl sat, wide-awake, on an 


operating table at the Montreal Neurological Institute. — 


Her skull had been opened under local anesthesia, and 
now Penfield and his associates were trying to locate the 
area in her right temporal lobe that set off her major 
epileptic attacks. They stimulated here and there, pain- 
lessly, with their electrodes. Suddenly the girl cried out, 
“Someone coming toward me!” It seemed so real that she 
thought it was actually happening. When Penfield stimu- 
lated another point in her brain, she said she heard the 
voices of her mother and her brothers. 

Nothing of the kind had ever been seen before. Penfield, — 
who had carefully mapped the cortex of hundreds of pa- 
tients, knew that stimulation in the auditory area could 
produce ringing or buzzing sounds—but never voices that 
speak. Stimulation in the visual area might make patients 
see stars of light or moving colors—but not “someone 
coming toward me.” Until then, only the elements of sen- — 
sation had been called forth by. man’s electrodes. But here | 
was a complete hallucination, or dream, which reproduced ~ 
specific experiences from the girl’s early childhood. It was, 
in fact, the same dream that always preceded her epileptic - 
attacks. 

In the following decades, the tireless Penfield studied 
the living brains of more than a thousand patients. In — 
forty cases, all of them epileptics, he found the same sud- 
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iencing” of the past 


‘pre ive cortex.” 3 ; 
gosh! There they are, my brother is there,” 


as got his coat on backwards. I can just hear them.” Af- 


srain stimulation they had seemed “more real” than mem- 

heorys 

With an electrode touching her interpretive cortex, a 

young woman heard an orchestra playing a popular tune 
so clearly that she thought the radio had been turned on. 
She hummed along with the tune, at what seemed a nor- 
mal tempo, whenever she was being stimulated; everyone 
in the operating room recognized the song. But she stopped 


as soon as the electrode was removed. “Over and over 


again, restimulation at the same spot produced the same 

song,” reported Penfield, and “all efforts to mislead her 

ailed.” 

Ay 
bathroom at school,” years before. A secretary experi- 
enced being in an office. “I could see the desks,” she re- 

ported minutes after the stimulation stopped. “I was there, 

and someone was calling to me,.a man leaning on a desk 
vith a pencil in his hand.” Stimulation at a nearby spot 
made her see “the place where I hang my coat up when I 
go to work.” — ; 


The experiences ‘called up by electrodes placed at 


nearby points were always similar, but those brought on 


by stimulation at widely separated points in the interpre- 


tive cortex had little in common. One patient, who had ar- 


in great surprise, “Yes, Doctor, yes, Doctor. Now ] hear 


aimed a twelve-year-old boy during such stimulation. 
> is aiming an air rifle at me....” When stimulated a ee 
Jater, he said, “My mother is telling my brother he __ 


oung man suddenly felt “as though I was in the — 


rived from South Africa only a month before, exclaimed, 


terward, he explained that these were real memories, of | 
things that had actually happened, but that during the _ 


ed) 
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cords the stream of consciousness, Penfield concludes. Nor- a 


~ mally, when a man tries to retrieve something from his 
past, he remembers only generalizations—“If this were not 
so, he might be hopelessly lost in detail.” But no matter 
how unimportant, the experiences described by his patients 
were as sharp and detailed as if “a strip of cinematograph- 
ic film with sound track had been set in motion within 
the brain.” They were the kind of experiences that nor- 
mally slip rapidly beyond the range of voluntary recall. In 
his patients they could be summoned either during an 
epileptic fit or during electrical stimulation of the brain. 
Penfield explains that once a local epileptic irritation has 
lowered the threshold for a specific pattern of electrical 
activity, any excitation of the gray matter in that area will 
set off the same response. This is why his electrodes called 
forth memories only in people who had epilepsy. The 
epilepsy made their brains easier to stimulate, though it 
did not in itself produce the stream of consciousness. 

“Tt is clear enough that we are activating a normal 
mechanism in the brain,” Penfield declares. This mecha- 
nism can bring forth a vivid recollection of the past, though 
where it is and how it works remain unknown. He notes 
that sometimes one runs into a person one hasn't seen for 
many years and is struck by a sudden sense of familiarity, 
even before one has time to “think.” “The opening of this 
forgotten file was subconscious,” says Penfield. “It was not 


a voluntary act. You would have known him even against — 


your will, Although Jones was a forgotten man a moment 


before, now you can summon the record in such detail — 


that you remark at once the slowness of his gait or a new 
line about the mouth.” It was all there. 


Such feats of memory indicate a highly efficient filing — 


system in the brain, which allows related experiences to be 


classed together and then cross-indexed. One of Penfield’s © 
patients seemed to have a mental file for the concept of — 


“grabbing” or “snatching,” for instance. Any event suggest- 
ing a boyhood experience in which something was yanked 
away from him would trigger a major epileptic attack. 
The actual memory of this incident brought on a fit; but 
so did seeing a child take a stick from the mouth of a dog, 
or an officer grab a rifle from a cadet on parade, or a- 
man snatch his hat from a hat-check girl. Apparently, the 
same kind of filing system was used both to evaluate the 
present and to tap into the stream of consciousness. In 
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leptics, 
. In normal people, a matching stimulus can 


nts in all their fullness, as happened to Proust when he 
the sweet taste of a madeleine in his mouth and 
embered every detail of his visits to an aunt in his 
outh. Similarly, under hypnosis, people can suddenly 
‘temember many events or even speak foreign languages 
‘they thought they had utterly forgotten. In some cases, 
they can recall what they heard while apparently uncon- 
‘scious, under anesthesia, during an operation. (One 


- woman never forgave her surgeon: for what he said during 


her hysterectomy: “Well, that takes care of this old 


removed, and not, as she thought, to her.) 
_ Despite its wealth of details, this kind of memory may 
have definite limits, as Penfield discovered to his surprise 


after analyzing all his cases afresh in 1963. Some things 
were absent: during the brain stimulation, his patients 
_ never remembered speaking, for instance—only listening. 
_ They never relived the experiences of writing a letter, add- 
ing up figures, making a decision, eating, drinking, or 
_ making love. They never acted—they only watched others 
act. Most of the time, it seemed, they heard music or 
oices, or saw people from their past. Baffled, but not dis- 
_ couraged, Penfield concluded that the missing experiences 
might well be recorded elsewhere in his patient’s brains. 
_ By stimulating their temporal lobes, he was tapping into 
the stream of consciousness at only one place; other tech- 
_ niques might reach deeper parts of the stream. And even 
though he had no certain evidence that the record was 


ompiete, at least he had shown that it existed. 


The stream of consciousness may be filled with trivia 
that cannot be recalled voluntarily, but once a recollection 
has emerged from this stream and won a place as an es- 
tablished memory, it is nearly invulnerable. Lashley’s work 
and countless more recent experiments are good evidence 
of that. Then how do people forget? This, too, remains 
shrouded in mystery. However, psychologists have noted 
that the process of forgetting is generally linked to some 
sort of interference—to a strong stimulus that disrupts the 
_ old memory, either by weakening it or by substituting an- 
1 memory in its place. If so, it might be possible to 
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etimes open up a long-forgotten file, laying out its con- — 


ag”—even though he was referring to the organ he had 
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dislodge unwanted, painful memories deliberately. Dr. 
Murray Jarvik,.a professor of pharmacology and psychia- 
try at UCLA, believes that one could dredge up the old 
memory—the phobia, or the nightmare—and interfere 
with it at the very moment of its emergence into con- 
sciousness, either through a vivid impression of something 
similar but benign, which would eventually replace it, or 
through amnesic drugs. There. must be a chemical step in- 
volved whenever a memory is retrieved, Dr. Jarvik points 
out; therefore, drugs should be able to affect it. Selective 
amnesia might then become a valuable tool of psycho- 
therapy. But Dr. Jarvik cautions that such things are still 
far off in the future. 


A much more likely development in the near future is 
the introduction of drugs that can improve man’s memory. 

We already know how to make animals learn more 
quickly by sharpening their memory with chemicals. A 
dozen different substances will do the job. They are all — 
dangerous stimulants, such as strychnine (a poison), me- - 
trazol (a convulsant), and amphetamine (the addictive — 
“speed” that kills), but animals can tolerate them in small 
doses. Similar but safer drugs may soon become available 
for human use. 

When a drug such as strychnine is given before an ani- 
mal’s training session, the animal performs better. Karl 
Lashley proved this half a century ago. However, Lash- 
ley’s experiments were difficult to interpret. The drug 


might simply make the animals more alert, or more eager — 


for the food reward; it did not necessarily improve their — 
ability to learn. In the late 1950’s, a young psychobiolo- 
gist, Dr. James McGaugh, found his curiosity aroused by 
reports that electroconvulsive shocks could make rats for- 
get what they had just learned. Presumably, the shocks 
disrupted the consolidation of memory (as did Agranofi’s 
injections of puromycin in fish). If so, he reasoned, could 
stimulants such as strychnine have the opposite effect? 
Would they improve the consolidation of memory during 
its soft, unjelled stage? To find out, he decided to inject 
the drugs after the training sessions rather than before. He - « 
was immediately successful. His mice learned. to run a 
maze far better when they received an injection of strych- 


nine as much as one hour after their training session. The 


more strychnine he gave them, up to a point, the better: 
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varying times, and with different kinds of learning tasks, 
- McGaugh concluded that he had made his case. “The 
_ ‘ubust nature of the effect is beyond question,” he de- 
 Clared. “The effects are as long-lasting as those of ordinary 
- memory. What we produce is either a quicker or a strong- 
_ er consolidation of memory, so that whatever is learned, 
__ it’s learned better.” 
‘ The drugs could even bring back memories that ap- 
_ peared to have been erased by electroconvulsive shock. © 
_ “We can now block and unblock,” says McGaugh, who is 
_ chairman of the Department of Psychobiology at the Uni- 
versity of California at Irvine. “If we produce retrograde 
- amnesia by electroshock, we can undo it with drugs. But 
all this is time-dependent. We must administer the excitant 
- within a short period of time after the inhibitor.” z 
__ This made him doubly curious about what the electro- 
shock actually did to his animals’ brains. It turned out that 
current strong enough to produce amnesia (and seizures) 
also prevented new protein from being formed in the 
i: 3 ed same process that Agranoff has interrupted in 
sh. 
“The brain cells are supposed to be storing informa- 
tion,” says McGaugh. “But in the meantime we distract 
_ them with a lot of electrical current, and at some point 
they say, ‘I can’t attend to what I’m supposed to be stor- 
ing if you yell at me all the time.’ Essentially I think that’s ~ 


_ percent reduction in brain protein synthesis, and also am- 
MeSIAs 3 
{ that point someone noticed a peculiar aftereffect: 
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for Gewese hours after the. ‘seizures, the mice had ee # 


mal brain waves. Their EEGs showed almost none of the 
_ slow theta waves that normally occur intermittently in the 
brain. Intrigued by the lack of this mysterious brain 
rhythm, which is so often connected with learning, a grad- 
uate student in McGaugh’s lab decided to forget about the 


seizures and just look for theta waves. He discovered that 
the more theta waves appeared in an animal’s EEG — 


after a training session, the more it remembered. This was 
true in all cases—when the electric shocks to its brain 
were strong enough to provoke seizures as well as when 
they were too weak, and also when no shock was adminis- 


tered at all. Apparently, the best predictor of memory was. — 


the amount of theta waves recorded in the animal’s brain. 
McGaugh now tells his students that “if you want to 
learn, and you’re a rat, it’s a good idea to have some 
theta.” But he does not believe the theta waves are a sign 
of memory as such. Rather, they show that the brain is in 
the right state to process and store information. To bring 


back another missing link, the theta waves seem to come “ 
mostly from the hippocampus, the critical structure that 
was removed from H. M.’s brain. It may be that in order 


to learn and remember, one needs to have theta in the 
hippocampus. 

As soon as the results of McGaugh’s first BESS 
became known, people began to talk about “get smart” 
pills and learning drugs. The fact that he produced greater 
gains with “stupid” rats from a maze-dull strain than with 
“smart” rats from a maze-bright strain led some desperate 
“parents to hope that he had found a cure, at last, for their 


mentally retarded children, and that pills could give them 


normal IQs. “I had to spend months writing to distraught 


_ parents that there was nothing I could do for their chil- = 


dren,” McGaugh says despondently. Drugs cannot change 
higher-level conceptual abilities, he points out—they can 
only improve memory. And being able to memorize the 


multiplication table does not mean that you can solve : 


problems using it. He now plays down the implications of 
his research for mental retardation, so as not to arouse 
any false hopes. 


On the other hand, there is a group that may someday a 
benefit enormously from his work: the aged. Many other- 


if 


wise healthy old people suffer from a frightening loss of 


memory. There is an element of H. M. in all of them. 


w. “I don’t remember anything I read in the newspa- 
_ per—don’t know why I read it. But I remember clearly 
- what happened long ago....” When this loss becomes ex- 
_ treme, it foreshadows the total deterioration seen in thou- 
_ sands of miserable, confused, incontinent, and withdrawn 

senile patients in the back wards of mental hospitals. Yet 
_ there is good evidence that such loss of memory might be 
_ prevented, or even reversed, with drugs. Several experi- 


ments with aging mice and rats have shown that they are — 


_ far more responsive to memory drugs than younger ani- 
- mals. With young rats, for instance, amphetamine must be 

- injected within fifteen minutes after a training session to 
_ have any effect. With aging rats, there is an improvement 
in memory even when the drug is injected two hours later. 

_ Evidently, they take that much longer to consolidate their 

Memories. The process might then be speeded up and 

_~ sharpened with drugs. 

“I put my money on the aged,” says McGaugh. “At 
least you know what memory they had, what memory 
_ they’ve lost, and when they’ve lost it. So you can try to re- 
 instate it—that’s quite different from putting in something 
_ that was never there.” 


Not surprisingly, several pharmaceutical companies are 


_ tow racing to develop a good memory drug. Field tests of 
 yarious kinds have been going on for several years, in 
_ deepest secrecy. The most sensational of these experimen- 
tal drugs, the inosines, sound too good to be true: not 
only would they make people remember and learn better, 
_ but they would also kill viruses and treat illnesses for 
F which there is no present cure. The researchers involved 
refused to describe them further. 

Meanwhile, the most enthusiastic believers in bio-feed- 
_ back have found a new goal: training people to produce 
~ more theta waves voluntarily, so as to improve their mem- 
_ ory. Of course, they have yet to distinguish clearly be- 
_ tween the kind of theta activity that is involved in mem- 
ory and the kind that has been linked to such disparate 
conditions as reverie and annoyance. Then they must learn 
_ to control it. But they are not discouraged. 

Will it then become possible to turn memory on or off, 
_ at will? There is good reason to believe it. We will be able 
~ to use either drugs or bio-feedback. We will know how to 
_ enhance certain experiences, making them more vivid and 
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mind is like a sieve,” complains an old woman I 
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easier to play back, while deliberately obliterating the 


memory of others. Even today, when doctors must per- 
form some painful medical procedures during which they 
cannot put their patients to sleep, they use amnesic drugs 


_ such as Valium. Valium is a common tranquilizer when — 


taken by mouth, but when injected into the veins, it makes 
people forget. “They’re not unconscious,” explains Dr. Jar- 
vik. “They do suffer—real pain! But afterwards, they don’t 
- complain about it.” In the future, we may decide to re- 

-semble H. M. temporarily, before events so horrible that 
we do not wish any permanent record of them. 

What we seek in life is usually the opposite: a heighten- 
ing of experience. This we could get by sharpening our 
memory for special occasions. The brain scientists are rap- 
idly approaching the time when they can provide it for 
us—if not in youth, at least before we lose our memory in 
old age. : 


In this violent nation, where murders and muggings are so 


ing for some simple, physical solution to overwhelming 
social problems. This is one reason why the brain scien- 
tists’ work on violence holds such fascination. Can they in- 
~ vent a pill that would control all violence? Or devise brain 
_ operations to prevent people from going berserk? 
Even the president of the American Psychological Asso- 
ciation, Dr. Kenneth Clark, recently suggested that some 


ment,” be given to world leaders to preserve peace. Not- 


_ hopes in the products of research. But many scientists 
~ question the need for such tampering with the brain. As 
Dr. Karl Pribram exclaimed after hearing Clark’s speech, 
“The normal brain is beautiful! There is no demoniacal 
animal or force lying within that needs chemical treat- 


~ ment.” 


liest environment plays a major role in setting his level of 
violence. After that, education, ideology, example, and cir- 
cumstances do the rest—assuming that the brain is nor- 
mal. 

In the brain, violence is turned on by mechanisms that 
_ scientists are only beginning to understand. Since gaining 
to tl of the brain that control emo- 


ey have discovered some of the more important triggers. 


Some cultures are violent; others are not. A child’s ear- 
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- common as to pass almost unnoticed, there is a deep long- _ 


form of medication, which he called “internal disarma- . 


_ ing the great advances in the brain sciences, he placed his _ 


thalamus and the limbic system, 


aceful cats and : 


fae 
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rats just by injecting some chemicals into various parts of _ 
their hypothalami. They have provoked attacks by electri- — 
cal stimulation of monkeys’ brains. And they have come 
to realize that violence can sometimes result from physi- _ 
cal, as well as psychological, causes. ; 

The extra’ Y chromosome found in about two out of ev- 
ery thousand men has been blamed for a variety of crimes, 
though the effects of this characteristic on the brain 
are still far from clear. In addition, thousands of Ameri- 
cans suffer from various kinds of brain damage that may — 
predispose them to sudden acts of violence. The limbic 
system is the most vulnerable part of the brain, declares — 
. Dr. Frank Ervin, now a professor of psychiatry at UCLA. 
Poor prenatal or obstetrical care, auto accidents, falls, and 
other injuries can leave permanent scars in it. So can vari- 

ous chemicals. When this area is damaged, people may 
overreact to stress. go: 

“They are the ones who cause traffic accidents and ~ 
_ deaths on the highway,” Ervin notes. “They may get along 
_ all right for long periods of time, but in situations that 
would make you irritated, and me angry, they lose con- — 
trol.” This has nothing to do with the healthy aggression — 
of an “aggressive salesman,” he explains. He is not talking — 
about angry feelings or words, or even actions that can 
harm someone indirectly, but about direct, face-to-face 
physical attacks on other people, with the intent to in- 
jure—the kind of violence that stands out because it is far 
above the accepted cultural level. 

In the United States, this cultural norm is set mnich 
- higher than in some other countries. On a visit to Japan, 
Dr. Ervin was surprised to learn how little it takes to — 
brand one as violence-prone in a nation where many peo- — 
ple commit suicide, but few attack one another. (In war- — 
fare against foreigners, of course, they obey different — 
rules.) When he asked some Japanese colleagues whether 
they had any patients violent enough to warrant brain sur- 
gery, they said yes, and showed him around the hospital 
wards. The first patient he saw was a man who had been 
brought to the doctors’ attention simply because he had 
gotten into a fight in a bar on a Saturday night. “My hair — 
stood on end,” Ervin recalls. He was aghast that such be- 
havior could be considered a symptom of extreme vio- — 
lence. Yet when he asked the doctors for more informa- — 
tion on the case and looked over the man’s brain-wave — 
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igs, X-rays, and other records, he discovered that this 
_ was exactly the same kind of brain-injured person he’d 
__ been treating in Boston. The same brain abnormalities that _ 
ade a Japanese get into a brawl apparently led Ameri- 
cans to launch murderous attacks. “Doing cross-cultural _ 
eurosurgery would be very confusing!” says Ervin. “What 
_ Tm concerned with, and they were too, is the guy who ex- _ 
__ ceeds the norm.” oe 
In Ervin’s definition, armed robbery does not qualify as 
- exceptional violence—at least not in the United States. 
_ “Among people who earn their living robbing banks, kill- 
ing is very rare,” he says. Occasionally they may kill out 
- of panic, to make an escape, but in general they commit _ 
_ to more murders than do bank tellers. The average city — 
mugger does not seek violence, either. He is usually a drug 
_ addict who needs money to support his habit, and his ac- — 
tions are quite cold-blooded, in a predatory way. 
_Nor is Ervin concerned with the deliberate violence of — 
revolutions and warfare—the kind that makes people kill — 
innocent bystanders, or throw napalm on women and ba- _ 
_bies, for ideological reasons, “Under normal circum- — 
stances, in face-to-face confrontation with another human — 
being, perceived as a human being, there are biological — 
constraints built in against killing him. There is no culture 
where it’s not a part of the ethos that you don’t kill an op- 
ponent when he’s down.” At My Lai, the soldiers had 
stopped perceiving the villagers as human beings because 
of the panic, confusion, and. ambiguity of the total envi- 
ronment, he believes. He doubts that Lieutenant Calley 
had any appreciable brain damage. “On the other hand, 
- some of my boys became heroes in the war!” he says. 
_ “They won Distinguished Service Medals—for blowing 
_ their top.” 
~ Even if all these somewhat loose categories are elimi- 
nated, there is still a large group of otherwise normal peo- 
ple who suffer from what Ervin calls “episodic dyscontrol” 
because of subtle and localized damage to their brains, and 
who can become extremely violent without provocation. 
_ Their kind of violence is a medical problem and should 
be treated as such—with drugs or, in extreme cases, brain 
surgery, Dr. Ervin believes. However, it is seldom recog- 
nized by doctors, and treatment is largely unavailable. 
Right now, if a fellow is unusually violent, people call a 
cop, a lawyer, a minister, a social worker—anyone but a 
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doctor,” he says. In his opinion, many of the senseless 
crimes that fill the pages of our newspapers could be elimi- 
nated by giving such people medical treatment. — f 
Among the few specialists who advocate direct action 
on the brain to control fits of violence, the team of Dr. 
William Sweet, chief of neurosurgery at Massachusetts 
General Hospital, Dr. Vernon Mark, director of neurosur- _ 
' gery at Boston City Hospital, and, until recently, Dr. Er- 
vin, who directed the Stanley Cobb Laboratories of Psy- 
chiatric Research at Massachusetts General before movin 
to California, has taken a leading role. : 
Despite its impressive credentials—all these men also 
teach or taught at Harvard Medical School—the team has 
become rather controversial, both because of the oper- | 
ations it has performed on violent epileptics and because — 
of fear that the techniques it pioneered might be applied 
to other kinds of violent persons as well. Even the team 
members’ own colleagues have sometimes joined in the — 
criticism. The crux of the.question has been whether their _ 
operations are really surgery for the relief of intractable — 
. epilepsy, or whether they represent a new form of more 
precise psychosurgery, designed to control unpleasant be- 
havior. ae 
- The team firmly maintains that its patients’ attacks of ~ 
violence are directly related to temporal-lobe epilepsy— — 
are, in fact, symptoms of it. The doctors also want it — 
made quite clear that they don’t run .a production line. 
“You won't see a lot of people walking around with wires _ 
in their head,” Dr. Ervin noted in an urbane voice when I 
called to make an appointment. “We have none at the mo- 
ment, and never more than one or two at any time. Lots 
of people come in for diagnosis and drugs; that, yes. But _ 
operations? We’re very chary about that.” 
In the past seven years, the team has operated on a to- _ 
tal of thirteen epileptic patients to reduce their violence. 
In all cases they began by using anticonvulsant drugs and © 
other therapies, moving on to surgery only when their — 
other efforts had failed. Even then, the team’s first step 
was always to take extensive recordings, for several weeks, _ 
from electrodes inserted into the patients’ brains. Only af- — 
ter this was done did they begin the actual treatment: the — 
destruction of specific cells in the patients’ amygdala, a - 
part of the limbic system. Ce 
There was, for instance, a rather pale but otherwise or- 


f Violence 


90 oung man who walked into Boston City 
| a couple of years ago. Quiet and polite, he gave — 


twenty) and his seizures, which had begun when a- 
of boys knocked him out on his way home from 


ward on another floor—and suddenly flew into a rage. 
rabbing a strap with a heavy buckle, he struck one nurse 
savagely, flailed at others, tore at the barred windows, and 
‘managed to fight off four male attendants until the police 
subdued him with a chemical spray. 
Six weeks later, he was in the operating room, sitting up 


and the towels that enveloped him. Dr. Mark leaned over 
his bare, shiny skull and pierced a hole in it with a surgi- 
cal drill. Through this hole he injected some radiopaque 
ye to allow more accurate X-rays of the boy’s_ brain. 
hen he placed a rigid, curved frame a few inches over 


- glistening top of his head protruded from the green sheets 


e tapped into the scalp. 
‘This stereotactic machine will guide our fine-wire elec-_ 
rodes to their target deep in the brain,” Dr. Mark ex- 
_ plained in a film of the operation. “This is our target right 
here [he pointed to a spot in the X-ray picture, represent- 
ing the boy’s amygdala—a tiny, almond-shaped structure 
ehind the temple]. We'll use our plotting chart to trans- 
Tate the measurements from the X-ray to a ‘phantom,’ an 
| exact duplicate of the machine, and lock the electrode on 
arget before transferring it to the real machine on the pa- 
it’s head.” 
_A close-up of the hole in the boy’s skull showed some 
blood oozing out of it, then the electrode entered the 
brain. “When the collar of the lever arm lies down flat, 
“we're ten millimeters away from the target,” Dr. Mark ex- 
| plained as he showed me the film. “Now we're recording 
rom the tip of the electrode in the brain. See some abnor- 
al brain waves there? [He pointed to a row of jagged 
racings on a graph.] We're adjusting the position.... The 
ctrode is now in the proper position in the left 
yedala. It can stay in safely for weeks or months. We'll 
some dental cement around it to keep it in place—it’s 
ile and fills up the hole. Then we'll stimulate his brain _ 
eak electric current through ten different points 


orward answers to the doctor’s questions about his _ 


n00l. After his routine interview, he was taken to a — : 


but actually asleep, his chin resting on his chest. Only the : 


e skull, nailing it into position with three metal pins that . 


1 nae 
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/ 
along the tip of the electrode, until we find the exact spat 
where stimulation will reproduce the abnormality.” 


Having. identified a clump of cells in this way,/Dr. Mark — 


burned them out with a small burst of electricity. 


Before his operation, the boy had had attacks of “bad 
temper” at least twice a week. He would smash furniture 
or beat people. “When I’m in an argument or something | 


like that, it gets me mad,” he told the doctor. “Once I 


woke up like in a dream. I got up, and felt my feet were 


bigger. I thought I was a monster, they were so big. So I 
took a table and flung it right up the wall.” He also had 


convulsions, during which he would lose consciousness. 
According to Dr. Mark, the surgery stopped his major 
epileptic seizures (though it did not eliminate minor 


spells), and it prevented-his attacks of rage—at least for a 


while. In fact, for several months he didn’t seem able to 


defend himself very well against people he had previously ~ 
terrorized. He let his younger brother beat him up. He 


3 


went to work in a shoe factory, the first job he had ever 
held, and did quite well for nine months. Then “those feel- 


ings” began to come back—the same ones that used to an- 


nounce his epileptic seizures. One day, when a fellow 


worker kidded him about his “puny” size, he suddenly lost 


control again, lunged at him, and broke the man’s jaw. So 
now he is a candidate for another operation, to destroy 


the amygdala on the other side of his brain. 


The amygdala is most suspect in such cases beonuse: it 


seems most directly related to violence, though several — 


other parts of the brain, including the hypothalamus, are 


also involved. The wildest lynx or bobcat will become — 
tame after its amygdalas have been removed, and killer © 
rats will no longer attack mice. Any lingering doubts 
about the amygdala’s role in violence were removed by an é 


ingenious experiment in which a monkey’s brain was oper- 


ated on so that its right eye sent information only to the 


right hemisphere, and the left eye sent messages only to 


the left hemisphere. Then the connection between the left 
and right hemispheres was cut, and only the right 


amygdala was removed. This created a truly schizoid mon- 
key—unusually docile and tame when approached from 


the right, but as cowering or aggressive as before the op- 


eration when approached from the left. 


After this experiment, it was inevitable that someone 
would try similar surgery on human beings. Instead of Te 
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he entire amygdala, however, selected parts of it 
id be burned out through fine-wire electrodes. Brain — 
gery to correct violence began in the early 1960’s, in 
an, in an institution for the mentally retarded. Dr. H. _ 
arabayashi went at it in a big way—he operated on | 
ety-eight mentally retarded and assaultive persons of — 
arious ages—but the results were not brilliant. Of thir- 
en adults in the series, only four were clearly improved, _ 
wree improved temporarily but relapsed within a few 
months or a year, and six were not improved at all. How- 
~ ever, a precedent had been set. eee. 
In the United States, Professor R. R. Heimberger, of 

e University of Indiana, was the first to follow Nara- | 
rashi’s example, operating on twenty-five severely 
pileptic and violent patients. He claims to have elimi- 
ted violence in seven cases and reduced it in sixteen oth- 

, leaving only two unimproved. Since then, surgeons in 
enmark, France, India, and Mexico have done similar 
erations, as has the Boston team. Japanese surgeons 
work with assaultive brain-injured children have be- 
n to bypass the amygdala and destroy instead a small 
ortion of the hypothalamus—a technique they call “seda- 

e surgery.” : 5 (see 
Although there is considerable evidence that abnormal | 
olence can be reduced by destroying some parts of the 
bic system, at least in certain cases, it does not always 
rk. The abnormality may be much more widespread, or 
e it may have entirely different origins. The limbic sys- 
is still very poorly understood. Even the amygdala, 
of the largest, most accessible, and best-studied struc- — 
tures in the limbic system, remains in many respects a 

mystery. oes 
“We need to know our goal more precisely,” says Dr. 
rvin. “What is the least intervention that will modify be- 
javior in certain ways? If it is to kill ninety-four cells in 
corner, it could be done with a proton beam, without 
ery. You set the beam so that the protons give up all 
‘energy at a certain distance, at the so-called Bragg 
, without damage to any tissue before that point. It’s 
vely, lovely method! It’s the technique of choice for 
oving a cancerous pituitary nowadays, because it does 
ot require surgery. If we knew for sure what to destroy, 
ye could do it that way.” pe : % 
eanwhile, surgeons who believe in the value of such 


¢ 
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operations must rely on the clumsier technique of placing 
electrodes inside the brain to locate the points they are 
looking for. This is done by stimulating various spots with 
a weak electric current and studying the behavior that re- 
sults. 

An extraordinary film of this procedure shows Dr. 
- Mark probing the brain of a young ‘woman, selecting vari- 
ous points by remote control, while she is wide-awake. 
The daughter of a professor, she had spent most of her 
life in prisons, mental hospitals, and institutions for the 
criminally insane. She had tried to commit suicide four 
times. She had nearly killed two women—one of them a_ 
girl who accidentally brushed against her in the ladies’ — 
room of a movie theater, and whom she stabbed in the 
heart. She had attacked at least ten other people without 
apparent provocation. All this violence apparently resulted 
from brain damage, which could be traced to a severe 
case of encephalitis following an attack of the mumps 
when she was eighteen months old. Yet none of the exist- — 
ing antiseizure drugs or tranquilizers could reduce her © 
spells of rage. She had defeated the best efforts of three of © 
the nation’s leading medical centers, receiving years of © 
therapy, and even shock treatments, to no avail. Finally © 
she had been taken to Massachusetts General to see Dr. — 
Mark, who implanted two sets of electrodes in her brain 
and connected them to a stimoceiver, an electronic device 
fixed to her head so she would be free of trailing wires. — 
Dr. José Delgado, of Yale, who adapted this device from 
telemetering equipment used to send signals to and from 
astronauts in outer space, had made it available to the — 
Boston team. Without a stimoceiver, the electrodes in her 
brain would have had to be connected to electrical equip- 
ment in the laboratory. Now, no longer restricted by the ~ 
fear of tearing out some wires and injuring her brain, the 
patient could move about freely. At the same time, the — 
doctors could receive messages of her brain’s electrical ac- 
tivity, or stimulate various points in her brain, from a dis- — 
tance of up to one hundred feet—without her knowledge,- 
since brain tissue itself is incapable of sensation. es 

As the film opens, the. patient, a rather attractive, 
round-faced young woman, is seen playing the guitar and — 
singing “Puff, the Magic Dragon.” A psychiatrist sits a few 
feet away. She seems undisturbed by the bandages that 
cover her head like a tight hood from her forehead to the 


hen a mild 
, Stimulating one of the electrodes in her 
t amygdala. Immediately, she stops singing. The — 
wave tracings from her amygdala begin to show — 
s, a sign of seizure activity. She stares blankly ahead. 
enly she grabs her guitar and smashes it against the 
ll, narrowly missing the psychiatrist’s head. eee 
. another sequence, she is shown smiling and chatting — 
uiably with her psychiatrist when, without warning, she | 
gins to scowl. She bares her teeth, then suddenly, so 
rapidly that the eye can barely follow her, she springs at 
‘the wall and hammers it with her fists and head. Watching 
the film, I was taken by surprise even though I knew what 
ic ee It was like a snake striking—so swift that I 
asped. eo 
= though these attacks looked wild and uncontrolled, © 
Ervin points out that the patient never hurt the psy- 
trist. “Having lost contact, she turned and beat against — 
wall, instead of the human whom she knew~ and 
towards whom she had ambivalent feelings,” he says. 
‘Brain stimulation can turn on anger or rage, but it cannot. _ 
‘dictate how these emotions will be expressed. pe 
In twenty years of working with the most violent pa- 
nts in hospitals and prisons, Ervin has. never been at- 
ed. The fact that he is six feet four inches tall may 
1elp, but he credits his nonageressive manner. “I always 
it down, never stand up while talking to a violent pa- 
ent,” he says. “One should never be alone with such a pa- 
-in a small room: there should be lots of people, much 
e, and a calm atmosphere. 
don’t find them a threatening group,” he continues. — 
yre scared people! A lot of what we identify as ag- 
_ gressive is in fact defensive behavior.” For this reason, his 
advice to people who happen to be near someone who 
es berserk is, “Don’t try to hold him down—back away! 
ou’re not personally so threatened that you have to at- 
, he won't be so frightened that he has to fight back.” 
ffing on his pipe reflectively, as if nothing could ever 
| his cool, Ervin recalls some animal experiments. 
u have a cat in a box, with a wire in his head,” he 
‘and you push a button that stimulates his amygdala, 
will erect his hair, growl, fluff his tail, arch his back, 
p his ears. He will look like a Halloween cat, but he 
*t do anything, because there’s nothing to do. This is 
at 
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to be understood as preparation for defense, for either 
fight or flight, as the situation dictates. But if there is an 


object present—a recently friendly cat or teddy bear, a 
large dog, anything, he will attack it in a very effective 


way. He will tear your hand to shreds if you don’t have a — 


glove on. On the other hand, if there is no target and he 
finds a panel that will open, he will flee and even move 


across hurdles to escape the stimulation. You have not re- 


ally turned on aggression. There is interaction with his im- 
mediate environment to determine what happens next. 
There is always that interaction.” 

What the stimulation does, then, is to arouse a prewired 
system in the brain which carries out acts of self-preserva- 
tion. “This anatomical circuit has been well worked out by 


physiologists,” says Dr. Ervin. “It can be called upon — 
- whenever the organism needs it. But in some cases it gets — 


called upon erroneously, by electrical spikes that look like 
a signal to go. Or else the damping, turn-off mechanism 
is somehow impaired.” 

For in addition to the fight-or-flight system, there is an- 
other circuit in the brain that turns off such activity, Ervin 
explains. It is much less well explored, but it exists never- 
theless. “In the amygdala, it’s very clear,” he says. “The 
amygdaloid nucleus has two major parts, the old and the 
new. In the crocodile, a very primitive animal, there is al- 


most no new amygdala. But in man there is very little of — 
the old. In the cat or dog, it’s about fifty-fifty, which — 
makes them great research animals. If you stimulate the — 


old portion of a cat’s amygdala, you turn on preparation 
for fight or flight. But if you stimulate the new portion, 
the lateral part, the cat will purr, groom itself, present 


sexually, and rub against your leg—it’s a loving cat! Those : 


two states seem to be mutually exclusive.” 

This parallel “system of tranquility,” as Mark and Ervin 
call it, is the basis of their optimism about the human lot. 
Man is not intrinsically destructive against his own species, 


they believe. Violence is not inevitable. There is an inborn 
mechanism to stop it, just as there is a mechanism to start 


it. The healthy brain can make a choice. 
They claim to have evidence of this stopping mechanism 


in several of their patients, such as the engineer with . 
several important patents to his credit, whom seven years — 


of psychiatric treatment had not cured of terrible outbursts — 


of violence. In his frenzy, he would sometimes pick up — 


bee 


oc iailen he was Aes and had attacked his 
hil in the same way. After these fits of rage he would 
overcome with remorse, begging his family’s forgive- — 
Finally, during one of his sessions with the psychia- 
, the doctor noticed that he was displaying the symp-. 
of a typical temporal-lobe seizure: staring, lip- - 
king, and salivation. Light dawned, and the engineer. 
was referred to Massachusetts General, where tests 
showed that he suffered from epilepsy. Since no medica- 
tion seemed to help him, the doctors decided on stereotac- 
ic surgery. In preparation for this, they implanted four 


strands of a dozen electrodes each and stimulated various — : 


points on both sides of his brain. 


“unknown to him, an electrode stimulated a spot in the 
older part of his amygdala. His brow furrowed, and his 
es seemed hooded. “Talking’s difficult ...” He com- 
plained of facial pain, similar to that which usually pre- 
ceded his attacks. But as soon as Dr. Mark switched to an 
- electrode only four millimeters away, in the newer part of 
his amygdala, he relaxed visibly. “I’m feeling in a good 
-mood now,” he said, a smile slowly spreading on his face. 
“He - Teported “a feeling like Demerol ... as though the 
a is getting larger and brighter . . like T am floating 
ona cloud.” His facial pain disappeared within thirty sec- 
nds, though it usually lasted two to four hours. He be- 
C2 1e very talkative, and his happy mood continued for 
“nearly a day after the current was turned off. 
By stimulating the same spot in his “system of tranquil- 
ity” every day, the doctors managed to keep the engineer — 
2 ree of rage for nearly three months. They could not go 
on ‘stimulating him for the rest of his life, however, so 
eventually Dr. Mark burned out the areas that seemed to 
"cause trouble, in the old portions of the patient’s left and 
tight amygdalas. A burst of radio-frequency current, and 
_ the cells were destroyed. The engineer has never felt quite 
_as happy as he did during his period of brain stimulation, 
but at least he has not had a single episode of rage since 
‘thattime. — 
- The team’s surgery has had mixed results. Several pa- 
ele been free of violence for years after operations 


parte 


“I am losing control,” the engineer said suddenly when, 
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In his cluttered office, Dr. Ervin, a giant of a man with 7 


a luxuriant blond beard, leaned back in his chair, puffed 
on his pipe, and tried to explain the team’s work. A photo- 


graph of Einstein and the white, pickled brain of a hydro- - 


cephalic kitten stared at him as he spoke. “As I see the 
importance of our surgical cases,” he began, “it is that 
during this limited historical period, when we have no bet- 
ter means for coping with these people’s problem, they 
provide us with the only detailed insight we can get into 
the neural mechanism of the human brain.” If Dr. Mark 


had not placed electrodes deep inside his patients’ brains, 


for instance, he could never have recorded the abnormali- 
ties in their amygdalas, or related them to their violent be- 


havior. Such precise information cannot be gathered from _ 


ordinary EEGs on the surface of the head. The team 


hoped eventually to develop better methods of dealing — 
with violence in epileptics, perhaps through chemicals. 


Such chemicals might be enclosed in tiny silicone mem- 
branes and implanted in the brain, to be released locally, 


in minute amounts, for years. Possibly hormone teplace-- 


ment in the brain might prove feasible. 

Meanwhile, ‘their work had led them to raise some in- 
teresting questions about the roots of violence in the gen- 
eral population. Since the limbic disorders they were 


treating seemed separate from their patients’ epileptic sei- 


zures, the doctors began to wonder about violence in 
nonepileptics. What about the large group of persons who 
‘regularly smash up their cars, fire their guns, or assault 
_ their mates without having any of the traditional symp- 
toms of epilepsy—did they, too, have some form of brain 
damage that might be corrected? 


To find extreme cases of this sort, the team alerted tha: 


staffs of the emergency rooms at Mass General and Bos- 
ton City, asking them to send in any patients who felt they 
were losing control over aggressive impulses. Immediately 
they got two or three patients a day. “It turned out to be 


one of the commonest complaints,” says Dr. Ervin. One — 


young man who appeared in the emergency room an- 
nounced that he had just walked out, free, from a grand 


jury hearing that had failed to indict him on a murder _ 
charge. “But in fact, I did it, I killed my friend,” he blurt- — 


ed out. He’d nearly killed another man before, he said, 
and he was sure something terrible would happen again — 
unless he got some help. The team gave him antiseizure — 


_. The Control of Violence 5 
3, even though he had never had : any overt epilepsy, 
pre good control. Another patient had tried to be ad- 
‘mitted to the hospital eighteen times in the previous 


twenty months, whenever he had got into a fight and felt 
afraid he might kill somebody, but had been turned away 


tranquilizers and psychotherapy, and he is now under 


every time because there were no facilities for people like — f 


~ Soon the team had 134 self-referred patients to 
‘study—the kind of violent, unpredictable, and dangerous 
‘persons most doctors shun. Eight of them were murderers. 


Sixty percent had at least one conviction for a crime of vi- : 


olence. And all of them admitted that they often used cars 
_ to relieve their tensions. One man had been stopped by the 
‘police for driving over one hundred miles per hour at 
night without his lights on. To get even with any driver © 
who cut in front of him, another habitually drove miles — 
out of his way to force the other driver off the road. 

__ Eventually, half of them were successfully treated with — 
-anti-convulsant drugs or tranquilizers, but not before they 
had scared the hospital staff out of its wits. Some nurses 
were so frightened that they threatened to quit, forcing 
the hospital administrator to insist that several of the most 
assaultive patients be discharged. Meanwhile, the team 
was having trouble keeping the remaining patients in one 
place long enough to complete the three-day examina- 
tions—they would become restless and disappear, only to 
‘turn up again weeks or months later, after their next vio- 
lent episode. To do a proper study, the doctors decided, — 
they needed a captive population. The logical place was a — 
federal prison, and there they went. 

_ As they found out to their fascination, prisoners who. 
were serving time for crimes of violence or sexual crimes 
vere very similar to the outpatient group. “They were 
nerally poorer, dumber, older, more deprived, and more 
lienated from the community’s resources,” Dr. Ervin re- 
calls, “but other than that there was little difference. They 
“got involved in many brawls and beatings, they frequently _ 
lost control. You got the feeling that in most cases, if they 
had killed anyone, it was almost accidental—that they just - 
appened to have a knife during one of their fights, or _ 
heir opponent had hit his head too hard as he fell down, > — 


fost of them were distressed by it.” According to Ervin, ieee 
least one-quarter of the people arrested for crimes WOOL ee 
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this sort should be treated rather than locked up, becau 
they have specific brain disease—conditions that mig 
have been prevented, are now diagnosable, and can | 
treated, at least to some extent. Bee 

Detailed neurological and psychological examinations 
eighty prisoners revealed either abnormal brain waves 
symptoms of epilepsy in about half of the men tested. 
Since these recordings were made from the surface of th 4 
skull, the true proportion of abnormalities must have been 
even higher. A similar study in England showed that two- 
thirds of the prisoners convicted of repeated personal as- 
sault in the Greater London area had abnormal brain waves 
emanating from areas deep behind the temples or in the 
upper brain stem. If such people were given adequate 
treatment, thousands of them might be released fro 
prison—and prevented from further violence after the 
release. Es : 

“Fhis is exactly where problems arise, however. Are vi 
lent prisoners to be labeled “brain-damaged” and subjecte 
to brain surgery to cure them of violence? The mere ide 
of operating on people who have lost their freedom an 
destroying parts of their brains is horrifying, regardless 
its possible benefits. Yet this was tried in 1968, in a prison 
hospital at Vacaville, California. Three prisoners with 
history of episodic, uncontrollable violence had parts of 
their amygdalas destroyed by stereotactic surgery und 
the supervision of Dr. Heimberger, who had pioneered th 
technique in the United States. According to prison offi- 
cials, all three inmates and their families had consented to 
the operations: The results were uninspiring: one man, 
who originally showed marked improvement and was re-— 
leased on parole, ended right back in prison on a new rob-_ 
-_ bery conviction and said he had begun to lose control 
his emotions again. The second, in whom the operation 
had supposedly produced fair results, is still in jail. The 
third, who had shown little or no improvement, was even- 
tually paroled. Nevertheless, some officials at the Califor-~ 
nia Medical Facility in Vacaville wanted to continue the 3 
work, and in December 1971, the California Department — 
of Corrections proposed an expanded program of brain 
surgery for inmates with aggressive seizures caused by 
brain damage. As soon as this proposal became public, 
however, it created such an uproar that it\was dropped. 


‘gram o doing diagnoses and gathering data. s 
Dr. Mark says that he is against brain operations for 
oners who suffer from temporal-lobe epilepsy, even 


-sonsent is not possible in the prison setting at the present 
time.” Actual surgery is not the only danger, however. 
: There is also the possibility that, by seeking ways to iden- 
tify and screen people for “episodic dyscontrol,” justice of- 
ficials may pick out all kinds of people, whose violence 
may have entirely different causes, and call them medical 
| problems. Even in cases of temporal-lobe epilepsy, not all 
| doctors agree that the violence is caused by the epilepsy. | 
And without putting electrodes into a man’s head, it is 
| very difficult to make that diagnosis. So when law enforce- 
ment officials begin to look for an early-warning test that 
would identify the persons most likely to commit murder 
or violent crime’ because of brain damage, they are tread- 
ing on extremely thin ice. Are people who make revolu- 
_ tions medical cases? Should their brains, too, be examined, 
_ or perhaps studied with electrodes? 
In 1967, Drs. Mark, Sweet, and Ervin wrote a letter to 
the Journal. of the American Medical Association that 
earned them enormous criticism. In it they suggested that 
the people who take violent part in urban riots may be suf- 
fering from focal brain damage. “The real lesson of the ur- 
ban rioting,” they concluded, “is that, besides the need to 
_ study the social fabric that creates the riot atmosphere, we 
need intensive research and clinical studies of the individu- 
als committing the violence. The goal of such studies 
would be to pinpoint, diagnose and treat those people with 
ow violence thresholds before they contribute to further 
tragedies.” Since then, Dr. Mark has partly changed his 
mind—he now feels that the police are often to blame for 
violence during riots—but he remains the target of 
demonstrations by young radicals at many of the scientific 
eetings he attends. 
Dr. Sweet recently commented about the surprising vir- 
“ulence of the attacks against him and his team. “The crit- 
ism goes: ‘These fellows (my colleagues and I) may get 
‘they can stop murderous behavior in individuals. And 
afraid they will succeed, because then this informa- 
ould be misused in other hands and lead to the per-_ 
ance of this kind of a pacification operation on those 


psychotherapy and medicine fail, because “informed — es 
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who are dissenting in society.’ Is this, then, a good reason 
for not seeking to learn how to control murderous behav. 
ior in those individuals who have demonstrable organic 
brain disease?” he asked members of a conference on the 
physical manipulation of the brain sponsored by the Insti-. 
tute of Society, Ethics and the Life Sciences. Toward the 
end of the conference, Dr. Perry London, a professor of ~ 
psychology and psychiatry at the University of Southern — 
California, declared that “the real issue is this: you have © 
the capacity to go into this man’s head, physically and di- 
rectly. It is altogether plausible that doing so in an intelli- — 
gent, careful way will permit you to directly ameliorate — 
his behavior. That capacity has absolutely nothing to do 
with epilepsy. It has absolutely nothing to do with an ab-. 


normal EEG. It’s a simple technical fact. The man goes © 
cs 


crazy. I’m talking now like a cop, or like a citizen who ~ 
could get beat up, or like an airplane pilot who doesn’t 
like people walking around with live grenades. The man © 
goes crazy all the time. He is a terrible potential menace — 
to society and to himself. You have a technology that 
permits you to address that directly. In less than five years — 
Dr. Delgado is going to make that technology so much © 
easier that people without your sensibility and without 4 
your skill are going to be able to do that too. Then they’re ~ 
going to add two and two and get four, and say, “There’s : 


lots of people who act in lots of crazy ways and these doc- 
tors can’t find anything wrong with their brain, their — 
glands, or with their bodies; but they’ve tried every ap- — 
_ proach, like drugs and psychotherapy and so on and so 
forth, and none of these things have worked. Now these — 
doctors have very safe, potentially very effective and very 
applicable techniques of going into the head, Why don’t 
they do that?’ That’s what’s going to happen.” = 
The trouble is that we have so few ways of dealing with 
violence, in criminals or others. We don’t know how to 
cope with it, how to survive it; we certainly don’t know 
how to prevent it. The problem is urgent, and people are 
clutching at straws. For the criminals themselves, the al-_ 
ternative to treatment may be a lifetime spent behind — 
bars. (Someday soon, says Robert Livingston, professor of | 
neurosciences at the University of California at San Diego, — 
we may look back on our present treatment of prisoners 
and find it barbaric—as brutal as that of the epileptics and 
mentally ill “who, in the history of our own country, were 
, ‘ a 


é % we 
1d: Hoesed & for their | own ‘good and dat ot $0- 
Y, ani ith full sanction of medical and religious lead- _ 
hip. Instead of our self-defeating penal system, he pro- 
»s “proper intervention” in the brains of prisoners who 
ave temporal-lobe defects.) For other people who suffer 

uch attacks of violence, the alternative is a night- — 
rish existence over which they have no control. Better 
echniques and much research are sorely needed. But al 
eanwhile, what should one do? - 
“4 aotew a simple prescription, pysees for deciding 


ee “First I ask, Is this a oe es I would 
t done to a friend? If the answer is yes, I ask myself, 
is a procedure I would want done to a member of my 
—my mother, my wife, my child? And if the answer 
Il yes, I ask, Is this something I would want done 16. 2 
ryself?” ‘Thereupon he asked the audience for a show of = 
and: s from all those who were willing to have electrodes ae 


Chapter Te 
Where Are They Going 


The brain changes that are possible aS are just a small 
beginning. : 
Only a few generations of scientists have dared to ex- 
plore the human brain. It’s only twenty years since the — 
first burst of discoveries in the neurosciences revealed the — 
existence of pain and pleasure centers, the significance of — 
the corpus callosum, a few clues to memory, and some 
physical effects of experience. 2 
For a while, during that time, brain research was the 4 
scene of a sort of gold rush, where anybody armed with — 
_ the equivalent of a mere pick and shovel had a chance to 
make a fabulous find. But it soon became clear that things 
weren’t quite that simple. The brain contained more intri-— 
cate and secret codes than man had ever dreamed of in ~ 
his philosophy—tayers upon layers of mysteries, hidden 
springs and triggers countered by complex mechanisms for 
blocking. No individual scientist could begin to understand © 
them. No scientific discipline could even point the way. 
Realizing that they needed to combine their disparate 
skills, the brain researchers have regrouped. Chemists, biol- 
ogists, anatomists, physiologists, surgeons, psychiatrists, - 
psychologists, computer technicians, engineers, and dozens" 
of sophisticated hybrids are now converging on the-brain. 
with new techniques and new tools. In the near future, 
some spectacular discoveries may be expected. ; 
Where will they take us? At the very least, they will” 
prevent a great deal of misery—from mental illnesses that 
existing treatments cannot cure, from memory losses, in- 
somnias, certain kinds of mental retardation, and other 
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also ‘opening up staggering possibilities for 
ore self-control. But as I worked on this book, I 
operations and chemical treatments that are known today 
ean be abused. There was a glaring gap between the peo-— 


ple who did the research and those who used its fallout, 
sometimes recklessly. In addition, there were some disturb- 


alternately excited and appalled. 

It was. exciting to learn, in Ross Adey’s Space Biology 
Lab, that the brain speaks, through brain waves, and that 
some of its language can be understood with the aid of 
‘computers. It would be good to be able to tune in to a pi- 


| ing implications about the research itself. I found myself 


_ Jot’s brain waves, to know when he is in the right state of 


“mind to land a plane properly, and to avoid the kind of © 


crashes attributable to “human error.” Such mind read- 


ng—or prophecy—might also give many children the sat- 
sfaction of errorless learning. But what would happen to 
my privacy if someone could tell whether I was planning 


“to say “yes” or “no” even a fraction of a second before I 


| said it? 
_ Furthermore, as soon as one gains the power to recog- . 


nize certain brain states, there is a temptation to change 


| or control them. It’s wonderful that the new techniques of 


~ bio-feedback may enable us to control our own brain 
“waves as efficiently as if we were yogis. I found it a most 
~ enticing possibility. On the other hand, what about the 
_ power of electrical stimulation to change both brain states 
and behavior? Or the pharmacologists’ demonstrations of 
how easily brain states can be changed with drugs? 

I could admire Dr. José Delgado’s new double-barreled 
sadget, the dialytrode, which stood ready to send either 


chemical or electrical stimulation to any point in the 


sy) 


ain—but I hated to think of how it might be used. Logi- 
lly, this work had to lead to putting implants deep into a 
gerson’s brain, either temporarily or permanently. Del- 
_gado’s experiments with the chimpanzee Paddy showed 
~ that such implants could be controlled by a distant com- 
or uter. Eventually, the computer itself might be enclosed int 
“the brain, together with the electrodes, to regulate a per- 


_ son’s conduct in a wholly invisible way. 
Dr. Olds’s finding that there exists “a river of reward” 
dee also lends itself to strange speculations. Natu- 


ement of human life, for greater understanding 


ke { running into examples of how even the crude brain ~ s 
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~ zally, writers of science fiction have had a field day with 
descriptions of entire populations stimulating themselves in 
the brain, through implanted electrodes, to obtain a plea. 
sure greater than sex. For psychologists, however, his find. 
ing was a happy one, since it showed that people’s ac- 
tions are prompted not only by the gloomy need to reduc 
painful drives, but also by the possibility of pleasure o 
joy. That is how we learn, they concluded—by a natural 
activation of our pleasure centers when'we do things righ 
_ Of course I welcomed this idea. But I lost some of my en- 
thusiasm when I discovered that an efficient way to make 
- animals perform certain tasks—now the standard pro 
cedure in many labs—is to insert electrodes into their 
brains’ pleasure areas and reward them with stimulation a 
chosen times. Apparently none can resist that kind o 
Skinnerian shaping. 

Each kind of brain change has its hopeful and its alarm 4 
ing aspects. Take the control of memory—what would | 
happen if “memory pills” suddenly became available, to- 
gether with drugs to obliterate experience? Right now. 
doctors are free to give any young child powerful mind 
changing drugs simply because his teachers or parents find 
him “hyperactive”; in some cases the drugs may be fully 
justified and helpful, but in other cases not. In mental hos 
pitals and nursing homes, tranquilizers are forced down 
the throats of patients, mosily for the convenience of the 
staff. What kind of abuses may be expected after the de 
velopment of even more varied and potent drugs? Clearly 
some safeguards should be built in ahead of time. 

I became aware of the need for safeguards even in at- 
tempts to help the crippled and the blind. Normally one 
would consider all such efforts unquestionably worth 
while—but not if they involve the brain. 

Suppose you were totally blind, but could be made to 
see through a brain operation. Would you agree to havin 
it performed? Most blind people, apparently, would not 
They might eagerly ask for the most delicate or painful = 
operation on their eyes, provided it stopped just short of — 
the gray matter inside their skull. An audience of blind 
persons listened with great interest as a lecturer told them 
about seeing aids that use TV cameras to activate tiny tac- — 
tile stimulators placed on the forehead or the back so as 
to provide cues about nearby objects. But they gasped 
with horror when he described the work of a Briti 
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irectly into a patient’s head. 


es placed-on her right visual cortex, at the back of her 
in, and connected by wire to an astonishingly large 
of radio receivers, about a third of an inch thick and 

le as a man’s hand, implanted over her skull but un- 
her scalp. The receivers are activated by an even 
er and bulkier skullcap containing radio transmitters, 
ch the nurse can put,on her head. When these are 


turned on, she sees thirty-seven little specks of light, simi- 


to the “stars” people experience when they bump their 
d in the dark. Some of the specks are tiny, some are 
longated “like a matchstick at arm’s length,” others are 
yund and cloudlike. Although most of the experts said the 
system would never work, these thirty-seven “phosphenes” 
do produce patterns that the nurse can identify, somewhat 


i 


i 


trodes have been activated. 


a blind person’s visual cortex, he might learn to distinguish 
‘shapes and even letters. A modified TV camera would be 


Ses, 


es 


mit them by radio to his brain. Someday, this camera 
might be made to fit directly into the person’s eye, and 
even connect with his ocular muscles. Artificial eyes that 
0ve—although they do nothing else—already exist, for 
tic use; they could be adapted for this purpose. Brind- 
mits that his contraption has been of no use to the 
so far, but he hopes to replace it soon with an im- 
model that will help her to read and get about, 
one shape at a time as if through an enormous 
ing glass. pin i. 
While Brindley worked on the blind, a scientist of the 
nford Research Institute, in California, began an 
y startling, though potentially useful, project to help 
saralyzed. Dr. Lawrence Pinneo hoped that stroke vic- 
‘might make their own limbs move by directing a 
uter to stimulate electrodes implanted in their brains. 
ed to take advantage of the fact that large quanti- 


| like the lights on a theater marquee, depending on which - 


In theory, then, if many more electrodes were placed in 


equired to translate these shapes into dots and then trans- 


_ Giles Brindley, who had similar stimula- _ 


The stalwart Briton who volunteered for this operation 
fifty-two-year-old woman, a nurse who had recently _ 
sight. She still wears the handmade contraption 

1 r. Brindley and a surgeon wedged into her head in 
967: It is a fairly small, curved packet of eighty elec- 
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ties of healthy nerves and tissue remain andes a damaged — 
cortex, particularly in the brain stem, where many motor — 
commands from the cortex are normally integrated. After — 
mapping the brains of several hundred squirrel and rhesus — 
monkeys, he learned which centers in the brain stem con- — 
trol such movements as bending a paw, foreleg, or hip. 
(Though each of these movements appears simple, it may 
involve the co-ordination of as many as thirty different 
muscles.) He placed electrodes in these centers, and tried 3 
to stimulate them in specific sequences. 
Films of his research show an anesthetized monkey — 
lying limply in a sort of hammock, its arms and legs dan- — 
gling down the hammock’s sides. As the electrodes in its — 
brain stem receive current, the monkey’s limbs straighten — 
out and start to move—first one leg, then the other, in a © 
running motion. Then all four limbs move, as if the mon- — 
key were preparing to jump. All this happens while the an- _ 
imal remains profoundly asleep. 2S 
Since he could not find a monkey that had suffered a 3 
stroke, Dr. Pinneo decided to produce similar damage sur- _ 
gically. He removed part of the cortex of a rhesus mon- — 
key, paralyzing its right arm. Next he inserted electrodes — 
into its brain stem and programed thirteen of these elec- 
trodes in different sequences, to be run with the aid of a — 
computer. One sequence allowed him to make the mon- 
key’s paralyzed arm reach for food, grasp it, and put it 
into its mouth; another sequence had the monkey reaching 
out and up, as if to climb a bar; a third made it reach 
backward to scratch its tail. Finally the monkey was placed — 
next to a switch on the computer. It took only one — 
trial to teach the animal to press the switch with its good — 
hand, enabling it to use the paralyzed arm to reach and 
pick up food: = 
Tf similar systems were ready for use on human beings, — 
some people might want them, as cardiac patients now. 
gladly accept having electric pacemakers inserted into %% 
their hearts. Dr. Pinneo hopes to be able to continue his © 
work along these lines, although he realizes that it might — 
eventually present. some problems. “It’s quite true that if I — 
succeed in controlling the limb movements of a paralyzed — 
person, I could also do it with someone who is not par- E 
alyzed,” he says. “I think brain research needs to be moni 
tored, and each project evaluated on its own merits.” If ~ 


it believes it should be eka 


nk, a tall, gray-haired neurophysiologist who di- 
ajor National Institutes of Health effort to de- 
etter aids for the blind, the paralyzed, and people — 


If he “Moves suddenly in a straight line, his brain 


to Solational acceleration, as in nee: his brain will 
ae his skull. in that case, an electrode which is 


on fixed to a bowl would cut through a bowlful of 
, Says Dr. Frank. “So we need an electrode that’s 


d be piling to put in a human now. other than for diag- 
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lowever, someday the technical difficulties may be 
ome, or perhaps brain stimulation ‘will be possible 
ut surgically entering the skull. And then tHe real 
Jems will begin. For the easier and safer a procedure, 
ore casually people use it, and the more likely that it 
Il be abused—as has already happened with drugs. é 
, if their findings are used ye the brain 


the moment, brain implants remain thoroughly i im- 
al. “The electrodes that exist today cannot be im- 
nted for a long time without damage,” declares Dr. 


‘rigid, he explains. If the patient is quiet, the electrodes ee 
Stationary with Tespect to the soft mass of his — 


saa neurological handicaps. “People who say oer 


ses 
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The brain researchers’ ultimate goal is far removed — 
from such behavior control. As in any fledgling science, — 
they are forced to work somewhat haphazardly, like chil- 
dren exploring a new toy. They try this or that, just to see — 
how the brain works, since there is still no theory to ex- — 
plain even a fraction of the brain’s operations. Other than — 
curiosity, what drives them is, first of all, the thought that — 
they may learn to cure some of the mental diseases that — 
now afflict millions of people, and prevent all kinds of — 
other miseries. Even this would not fully satisfy many of — 
them, however. The really exciting part of their work is — 
the much more revolutionary possibility that they could — 
extend human abilities beyond the normal, or at least — 
beyond what is considered normal today. 3 

That’s what the future of brain research is all about. — 
Bringing people closer to “normality” may be laudable and — 
useful and what pays the rent, but actually the brain is 
man’s last frontier—so why stop there? 2 : 

Just as the invention of clothing made it possible and 4 
“normal” for human beings to live in a wide range of cli- : 
mates, and machines have extended the power of man’s ~ 
muscles, other products” of the human brain can now ex- a 
tend man’s potential in different ways. And here q must q 
share some of the brain changers’ optimism. ‘ 

Within a few decades, they may know how to make bas : 
bies become more intelligent and emotionally stable, as : 
well as more peaceful. At present, their information is still 2 

< 
Mi 
4 
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extremely sketchy. But several findings could be combined 
to multiply their effects. The Berkeley experiments which 
showed that changing the toys in a rat nursery school ev- 
ery day produced increases in the rats’ cortical weight fit. . 
in well with Seymour Levine’s demonstration that variety ; 
in the environment can promote emotional stability. Thea 
work on the damaging effects of lead poisoning and other § 
kinds of pollution could mesh with research on the brain’s. — 
critical need for proteins in infancy. Victor Denenberg’s ~ 
finding that mothering by a peaceful rat “aunt” during ae 
critical period immediately after birth will prevent mice of 

a highly aggressive strain from fighting each other at matur- 

ity agrees with the notion that certain levels of expectancy — 

are built in and fixed in earliest infancy. If one could set — 
these levels deliberately, so that the fight-or-flight response — 

is aroused as seldom as possible, future generations might — 

be much more peaceful than those of today. Possibly 


s the baby 
tenance of emotional stability. ees 
Scientists have already succeeded in teaching fish to — 


wn in specific streams by imprinting the odor of these ; 
ms on baby fish right after they are hatched. Who 


uman infants, to make them thirst for knowledge, for 
eace, or for love of others, in later years? Be aes 
We are only beginning to understand the power of such 
ventions. Even today, children who are born of afflu- 
, educated parents have an enormous advantage over 


ther children because of the way they are raised. There 


the moment of conception. The brain scientists hope that 


be 


oe not only achieve such equality, but will find ways 


ond what they are today. 
Researchers may have even more exciting contributions 


people lose their memories and their intellectual powers as 
hey age? It may be “normal” but it is certainly not neces-- 
d it makes a mockery of the extra years they have 
ned from better medical care. _ 
_ The number of people over sixty-five has been increas- 
ne three times as rapidly as the general population. The 
mber of people over seventy-five is growing most rap- 
ith the centenarians—of whom there are now thir- 
thousand in the United States—increasing most of all. 
til recently, psychologists made the mistake of assuming ; 
intelligence automatically declined with age. They 
misled because they tested cross sections of people, 
nd the older groups had received less education than the 
dunger ones. When they began to do longitudinal studies 
aat followed certain persons over a period of time, they 
vered that most people gained rather than lost in in- ; 
ce. right through their fifth decade of life. The only . | 
their subjects lost, after the age of sixty, was speed, 
ly on motor tasks. Otherwise, the most striking 
ature of old people’s scores on intelligence tests was 
eir stability until the age of seventy-three. 
When intelligence did decline, it was usually in the _ 
resence of disease. While. studying aged twins who had 


ws how many other kinds of imprinting can be devised __ 


- no equality of opportunity until we are able to — 2 
luce such circumstances for any child, beginning at 


which children of any social class can be developed far 


ake at the other end of man’s life span. Why should — fe 
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been followed up for several decades, Dr. Lissy Jarvik and 
her associates at the New York State Psychiatric Institute 
discovered that the twins whose scores went down tended 
to die within the next five years. At the time of the test, 
these twins did not appear to be sick, and medical tests — 
showed nothing wrong. Possibly the psychological tests — 
picked up minute changes in brain functioning caused by — 
an inadequate blood supply to the brain resulting from ar F 
teriosclerosis or other ills. 3 

If such decline is not taken for granted, perhaps it can — 
be stopped or reversed, preventing the terrible spiral into © 
senility that afflicts so many thousands of old people. 3 
Senility means far more than a loss of memory, although — 
that is a prominent feature. Senile people are also inconti- © 
nent, confused, disoriented, generally debilitated, and de- — 
pressed. Since nobody knows how to take care of. them in © 
our society, and they cannot live alone, they are often © 
“warehoused” in dismal nursing homes or in the back © 
wards of mental hospitals. Yet many of them, who are ba- 
sically depressed, could be given antidepressant drugs. An- 
other large group actually suffers from the delayed effects — 
of hypertension—even a moderate degree of hypertension — 
can severely impair one’s brain unless treatment is started — 
in time. Others, whose memory is gone, might benefit © 
enormously from memory drugs such as those now being ~ 
developed by Dr. James McGaugh. . 

Even “normal” old people, who seem alert and intelli- 
gent, often complain bitterly about their loss of memory. — 
Recently Dr. Lissy Jarvik discovered that this may be re- — 
lated to chromosomal damage. She found that the aged — 
twins who did poorly on memory tests had a loss of chro- — 
mosomes in many of their white blood cells, which meant — 
that other dividing cell systems in their bodies, including — 
their brain’s glial cells, were probably damaged in a simi- — 
lar way. Such damage could certainly interfere with men- 
tal functioning. The few eighty-five-year-olds in her nude 4 3 
who did not have such chromosome loss still scored well — 
on memory tests. No one yet knows whether the chromo- | 
some loss actually causes forgetfulness, or if so, how to. 
prevent or retard it; but at least Dr. Jarvik feels she now 
has a good tool—the study of chromosomes in white _ 
blood cells—with which to study age changes and perhaps — 
evaluate new treatments that are proposed to help the 
aged. For example, some senile patients have appeared re- 
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eae eauncats. in 2 high-pressure oxygen 
he believes that within the next generation - 


ulness of the aged and true senility. ; 
ntually, special programs of brain hygiene might be — 
ped to sharpen people’s mental faculties at every 
{ of life. Before reaching one’s sixties, for instance, 
one might undertake a regimen involving a variety of 
{ stretching activities, food supplements, special diets 
or drugs to control even low levels of hypertension, mem- 
rugs, oxygen treatments, or various kinds of bio- 
- Feec ick training. These would be followed by annual psy- 
ological checkups (which would become as common as 
nysical checkups are today) to detect any sign of mental 
rioration and fight it with specific remedies. Millions 
ed people would then be able to retain their full men- 
owers and their memories tothe end—assuming they _ 
had access to such programs. At least the brain scientists 
uid-have made it possible for us to control our own in- 
‘tual futures. And with continuing advances in longev- 
e might gain as much as twenty or thirty years of 
full, adult intellectual vigor. . 
The brain scientists’ goal of extending human abilities — 
e reached only when they find ways of linking, and 
amplifying, the many new techniques now being de- _ 
Joped. In scattered laboratories around the country, and 
e minds of many researchers, are new findings that 
vastly improve learning speed and efficiency at any 
r example. But there is no unifying theory. There 
only seeds of the progress to come. 
uppose it were proved that exposing one’s head to a 
f magnetic radiation in the theta range did help peo- 
learn rapidly and well, as Rochelle Gavalas’ experi- 
imply, and that this were perfectly safe. Suppose 
so had access to a computer that presented new in- 
ion, or new problems, only when one’s brain waves - 
at their most receptive state, so that one never made 
errors. Suppose further that one could train oneself, 
through bio-feedback, to produce at will the best kind of 
. waves for learning. Or that safe and effective mem- 
s were at hand. Any combination of these could . 
average person into a superlearner, who advanced 
s and bounds across any subject he pleased and 


ill have effective means of preventing both the at. 
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remembered it forever. The cumulative effect of such 
learning might be tremendous. 

Similarly, a combination of bio-feedback training wi 
drugs and, perhaps, exposure to certain magnetic fields 
might make people sleep so profoundly and so well that a 
couple of hours’ sleep a night would be sufficient, and 
few minutes’ nap in the middle of the day could rechar 

them with fresh energy and zest. 

- Some other possible combinations sound suspiciously 
like science fiction. The scientists who mentioned them 
know they are quite farfetched, but find them worth co 
sidering. By using the new technology of brain implan 
together with certain powerful tools, for instance, it might 
become feasible to extend man’s senses beyond the five 
was born with. A human brain_might be linked directly 
to a computer, a microscope, or an X-ray camera. The in- 
formation from these instruments would be radioed to an 
array of implanted electrodes, which might at first pro= 
duce meaningless patterns, but which one might learn to 
interpret. In effect, one might become like Superman. 

_ “Would you really like to have this done to you?” I 
asked the National Institutes of Health’s Dr. Frank, when 
he mentioned the possibility of such brain implants. “If it” 
were safe? Of course!” he replied. “Wouldn’t you? ’'m 
going to sail across the Atlantic this summer [he pointed 
to a picture of a sailboat on his wall]. Wouldn’t you like 
to go to the moon? There is some danger in crossing the ~ 
street to get to the other side You’ve got to balance th 4 
small risk against the small gain. It’s people who make 
wrong compromises with risk who live foolishly.” 

It won’t happen in our lifetime, he added. “But if you 
give people golden tools like these, they'll keep putting 
them together—you can’t stop them! Assuming, of course, 
that electrodes can be so developed that they don’t do any 
harm. It will probably happen so gradually that people 
will scarcely notice it happening. They'll think they knew 
about it all along.” 

Another way to help our brains along might be through — * 
genetics—or so suggests Dr. Robert Sinsheimer, of the — 3 
California Institute of Technology, who thinks that future © 
generations will see us rather as we see Winnie-the-Pooh, 
the bear of very little brain: “Frail and slow in logic, 
weak in memory and pale in abstraction, but . - On OcCa- 
sion possessed of innate common sense and uncommon — : 


\ 


tion.” He chafes at our present limitations. Our 
are limited in speed, compared with computers, he 
complains. They are limited in the number of things they 
ean attend to simultaneously; limited in their ability to 


communicate, especially to communicate feelings or emo- 


tions; and limited in the kind of concepts they can formu- » 
| late. “What else can we sensibly expect, when we are ap- 
| parently the first creatures with any significant capacity 


for abstract thought?” he asks. Yet it may still be possible | 
for man to improve his own brain. Though this is clearly a _ 


| bootstrap project, it is what we have done all the way 


from the jungle. 
In time, we may be able to define just how man’s genes ~ 
differ from those of the monkey; quantitatively, there is — 
very little difference. By reproducing this evolutionary leap 
in the laboratory, we might gain some clues to the next 
_ big leap forward. And we might find that an exceedingly 
_ small genetic change would have enormous consequences. 
It might, for example, “expand consciousness into un- 
known sensations and into undreamt intensities,” says 
_ Sinsheimer. “If this sounds absurd, consider that many ver- 
- tebrates have no color vision at all. By changing their ge- 
netic program, an entire new sense has been added.” A few 
strategically placed genetic alterations might allow human 
beings to turn off pain, enter new mental states, or push 
_ back their present intellectual and conceptual limits. 


eo 


z Nothing seems impossible, if one works through the 


brain. And most of the proposed changes appear to be for 
the good. Yet the prospect of some human beings having 
so much power over the brains of others is enough to send 
shivers down one’s spine. 

__ The enthusiasm and recklessness with which lobotomies 
were performed during the 1930’s and 1940’s do not in- 
‘spire confidence in existing safeguards. Many of the oper- 
_ation’s drawbacks did not become apparent until it was 
too late. The lobotomized patients were certainly less anx- 
ious but when they returned to their families, their rela- 
tives found them totally changed: unfeeling, gross, unable 
to plan for the future. “He doesn’t have a soul any more,” 
complained some: of the wives of patients. Roughly 10 
percent of the patients became epileptic years later, be- 
cause of scar tissue from the operation. Yet for a decade 
lobotomies were so widely accepted that even G.P.’s could 
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perform them almost freehand, with what were sarcasti-_ 
cally called “ice-pick” techniques. To this day, mutilating” 
operations on various parts of the brain continue to be 
performed, despite the fact that there is no proof of their 
efficacy. ‘ 
Nor have the nation’s drug companies given us much 
reason to believe that they will voluntarily refrain from 
misleading advertisements—particularly about drugs to re- — 
lieve anxiety, insomnia, depression, and the like. By now 
half of the population of the United States uses mind-— 
changing drugs occasionally, and 17 percent of adults use - 
them frequently. Physicians have crossed the boundaries 
of traditional medical care. As a result, every deviant be- ~ 
havior—alcoholism, drug addiction, “hyperactivity” —can 
now be regarded as an illness, in the hope of curing it. But — 
“if alcoholism is defined as a disease, it can be treated by — 
psychosurgery,” points out Dr. Herbert Vaughan, a neurol- — 
ogist at the Einstein College of Medicine. So can violent 
behavior (however justifiable), homosexuality, or any so-— 
cially unacceptable trait. The dangers of’ this tendency 
should be obvious to anyone familiar with the Russian — 
practice of calling political dissidents mentally ill and then 
locking them up in institutions where they are forced a 
undergo stultifying drug treatments. ee 
The tendency to prescribe drugs for social, rather than 
medical, uses is spreading, however, and it is becoming 
more respectable. Not long ago, Dr. Kenneth Clark pro- 
posed that “scientific biochemical intervention” be used to 
reduce man’s barbaric instincts. All world leaders should 
be given peace pills, he said. (This led The New Yorker to 
wonder, “Who is to be our President’s pusher? Who will 
decide when to administer the drug and when to withhold 
it? Who will administer the dose?”) Even so conservative 
a group as the National Education Association predicted 
that, by the late 1970's, “school faculties will include bio- © 
chemical therapist/pharmacists, whose services will in- 
crease as biochemistry therapy and memory improvement. 
chemicals are introduced more widely.” ee: 
The government agencies that pass on most grants for 
brain research have been generally conservative and 
prudent. So have the majority of brain scientists. But - 
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where people have to deal with urgent practical problems, 
there is strong pressure to use any technique or any drug 
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‘They Goinge 3 
regardless of its risk or how little is known about ey 
at is where the danger lies. — Soke 2 
The basic questions are, Who will do what to whom? 
And who will decide? Brain changes that are made volun- 
tarily, in one’s own brain—through bio-feedback, other 
forms of self-discipline, or drugs—are obviously in a dif- 
ferent class from two other kinds: (1) Changes made un- 
der independent contract, as in psychotherapy, in which 
the patient is a party to the treatment and wants it, but is — 
free to leave at any time; and (2) changes imposed on a 
dependent group that has no voice in the matter—for ex- 
ample, drugs administered to patients in mental hospitals 
or in nursing homes to keep them quiet. These three cate- 
-gories require entirely different safeguards. 
_ Suppose the brain scientists find the perfect aphrodisiac, — 
or a harmless and nonaddictive “soma,” as in Brave New 
World, Why should anyone intervene in its use by adults? | 
‘Similarly, I can’t imagine any restrictions on the use of 
yoga, Zen, bio-feedback, or other methods of changing — 
one’s brain states through learning. Of course, some addic- 
tive drugs, such as heroin, are prohibited, while others, 
‘such as the barbiturates and amphetamines, require a doc- 
--tor’s. prescription. On the theory that society has the re- 
sponsibility to prevent people from committing suicide, or 
at least to try to prevent it, I welcome these minor restric- 


tions on my freedom. But nonaddictive drugs such as mar- 
juana must sooner or later be legalized, joining the more 
addictive tobacco and alcohol on the psychological bill of 


Re ae 


‘fare, together with coffee and tea. The nation’s. “pharma- 
ological Calvinism” is undergoing a rapid erosion, ac- 
ding to Dr. Gerald Klerman, a professor of psychiatry 
at Harvard. He sees us headed toward some kind of “psy- 
otropic hedonism,” in which we will be free to choose 
tween drugs to enhance our performance, drugs to help 
_us learn and remember better, drugs to stimulate or calm 
us, and a variety of drugs to increase our pleasure—all 
ithout fear of chemical damnation. 
_ The moment one leaves this category of voluntary brain 
changes and asks a doctor or surgeon to do something to 
one’s ‘brain, however, the situation changes radically. 
“There are no legal controls on psychosurgery,” notes Dr. 
‘Vaughan, “no safeguards at the present time except the 
“conscience of the physician. ... It is a strictly laissez-faire, 
‘entrepreneurial relationship.” He finds it scandalous that 
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we have no better reporting on such cases. Nobody even 
knows how many brain operations are being performed on 
people to change their behavior (as opposed to removing — 
brain tumors or doing other essential surgery), although ~ 
the figure has been estimated at between one hundred and 
five hundred a year, and growing. Nor does anyone have — 
figures on shock treatments, which some institutions dish 4 
out in horrifyingly large doses, up to seventy or even two- 
hundred treatments for a single person, when the accepted 
limit is ten to twenty. Vaughan believes that a national 
tegistry should be set up to keep records on all psychosur- 
gery, as is now done to keep track of heart transplants. = 

Doctors notoriously protect one another. Medical socie- 
ties refuse to take any action unless the patient himself. 
files a formal complaint, at which point the worst they can 
do is to dismiss the doctor from membership. Yet patients — 
are seldom able to do so. A person who has become ad- 
dicted to barbiturates or amphetamines is usually so de- — 
pendent on the doctor who prescribes them that he would 
never dare testify against him, After long series of shock 
treatments, patients tend to lose_their memory. And al- 
though surgeons sometimes say that none of their loboto- 
mized patients has ever complained, what -is left of these, 
_ Patients? Who is there to complain? 

Unfortunately, doctors sometimes do not know any 
other way to cope with totally intractable cases—for ex- 
ample, patients so self-destructive that when not restrained 
they bite their own flesh off. The decision to operate on a 
person’s brain because of his behavior should not be left. 
entirely in the hands of an individual physician, however i 
Some kind of control must be exerted beforehand. E 

In the United States, surgeons do not need the appecel 
_ of even one other doctor before launching into psychosur-_ 
- gery—not even when dealing with the brains of children. — 
A Mississippi surgeon, Dr. Orlando J. Andy, has operated 
on children as young as six—most of them institutional- _ 
ized children—who were referred to him for such loosely — 
defined behavior problems as “erratic aggression,” “hypez-. 
reactivity,” and “emotional instability.” He cut the brain 
of an epileptic nine-year-old boy five times, destroying 
more of the boy's thalamus, a central part of the brain 
that is deeply involved in emotion, four of these times 
cause the boy was “hyperactive, combative, explosive, 
destructive, sadistic.” In between, he cut another brain 
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ire, the fornix. After the fifth operation the boy’s be- 
yvior was finally “improved”—though he deteriorated in- 
tually. Dr. Andy explains that such operations are 
ary “for custodial purposes, when patients require 
dinate amounts of care.” Yet almost nothing is known 
ut the effects of these operations. ; 
There should be a Bill of Rights to protect such chil-. 
2, even when their parents sign a so-called “informed 
sent.” Such consent may be totally meaningless. Who 
e the parents the information? This cannot be left to 
person who wishes to perform the operation. Did the 
stitution pressure them to agree? Was there anyone in 
authority to whom they might have appealed? 


ards of state hospitals—a dependent group that was 
roughly defenseless. Even there, the largest number of 
rations was performed on the most defenseless of all: 
ae poor, the blacks, and women, charges Dr. Peter Breg- 
“a Washington, D.C., psychoanalyst and novelist who 
s been leading a one-man crusade against all forms of 
_ psychosurgery. : 
Clearly, the most powerless groups stand the greatest 
tisk—and need the most protection against brain-changing 
chniques. Thus not only children, but also adult prison-— 
3, the mentally ill, the mentally rétarded, and the aged in 
‘nursing homes need a Bill of Rights, or at least some kind 
‘of buffer between their brains and the managers of desper- 
y understaffed institutions, who may be tempted to try 
ything that will make their charges more manageable. 
sacking such a buffer, these dependent people find their 
identity directly threatened by treatments no longer aimed 
t curing an individual patient, but at quieting troublesome 
ps. And it doesn’t take much paranoia in such circum- 
ces to see impending political plots—against blacks, 
ists, women, or any other section of the population. 
‘ust because brain surgery arouses so much revulsion, 
ever, it is less likely to be abused on a large scale than 
gs or other means of control. Anything that involves 
etrating the skull and manipulating the brain produces 
or. It violates a basic taboo—some researchers call it 
skull barrier.” “People sort of treasure this piece of 
ull,” says one scientist sarcastically. “They consider it 
ed.” When news of psychosurgery in a California 


When lobotomies were in vogue in the 1940’s, they — a 


program was immediately stopped (after a total of thre 
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prison leaked out, there was such a public outery. that t 


operations), with little prospect of starting again. Besides, 
psychosurgery i is expensive and requires highly trained sur- 
geons. It is much easier to use drugs. 
With drugs, the danger is so insidious that researchers 2 
who have given the matter some thought, such as Dr. Wil- | 
lard Gaylin of the Institute of Society, Ethics and the Life 
Sciences, actually welcome the controversy now surround- 
ing psychosurgery. They see it serving as a sort of focus, 
bringing attention to the subtle but larger problems arising 
from all forms of coercion under the guise of. mental 
health. eS 
No “informed consent” is required when an institution- 
alized patient or prisoner is given drugs. Consent is neces 
sary only when such people take part in research projects, 
as often happens, particularly i in our prisons, since Ameri- 
can drug companies cannot find any better or cheaper 
guinea pigs anywhere: the going rate of pay is one dollar 
a day. Most prisoners are eager to receive this pittance, : 
having no other source of funds. The managers of the in- 
stitutions that allow such programs may also receive vari- 
ous benefits from the drug companies. But the consent 
forms that the prisoners are asked to sign are often a 
farce. Recently a law professor asked for details about 
some “behavioral control” experiments being run in a 
Maryland prison with new drugs. “Does he understand t 
effects of the drug?” the professor asked about one inma’ 
who received doses of a female hormone. “Yes, we ex- 
plained the whole thing to him,” the director of the prison 
Teplied; “we don’t want any misunderstanding.” “Well,” 
the professor continued, “what are the effects?” “We don’t : 
know,” he was told; “that’s what they’re trying to find 
out.” Just as with psychosurgery, then, there is an urgent 
need for some kind of ombudsman or buffer to stand be- 
tween dependent groups and the people who have the © 
power to give them mind-changing drugs. 4 
Clearly, some national standards will have to be set. re- 
garding the use of either psychosurgery or drugs for social — 
control. Neither physicians nor brain scientists are the 4 
keepers of our moral values. Before any decisions are 
made affecting children, for instance—before some 200,- | 
000 schoolchildren with behavior problems are given ‘ 
amphetamines or other drugs to reduce their Beds = 
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-there should be public hearings and broad dis- 


hould be guidelines set by reputable national bodies that ae 
include a cross section of the public, not just the scientific 
or medical establishments. There should be much more. 
widespread interest and concern. name 
Another cause for concern is the recent proliferation of 
javior-modification treatments. Patients who have an- 
ng traits may be conditioned to change their behavior 
sychologists who give them mild electric shocks from 
portable shocker every time they misbehave—somewhat | 
ike a dog being whipped by its trainer. Crude as this may 
be, it appears quite effective for specific kinds of behavior. 
Sut the mind boggles at what might happen if the sensitive 
d high-speed technology of bio-feedback were linked to 


! Ss h punishment. 


s scientists offer society more and more techniques for 


the control of human minds, it will become increasingly 


mportant to make informed decisions on how to use 
them. In each case this will require tackling some trou- 
blesome issues: ee 

1. How reversible is the proposed treatment? That is of- 
en far from clear. Even one session of LSD therapy, cou- 
pled with suggestion, may irrevocably change a person’s 
entation to life. With or without benefit of chemicals, 
ychotherapy can also produce deep changes in one’s per- 
nality, changes that might be reversed only at great cost. 
chology students who volunteer for psychological ex- 
eriments: may be totally shattered by the revelation of 
own inadequacy, especially if they are publicly ridi- 
culed. (A few such students have committed suicide.) 
risoners who are forced to take part in encounter 
erapy sometimes find it equally destructive. And brain 
changes resulting from alterations in one’s earliest environ- 
tt can never be totally wiped out. 
ome drug effects are temporary; others leave lasting 
arks. Most addictions are permanent. If taken over a 
period of time, the chemical treatments for certain 
s of mental illness may produce irreversible brain 


Electrical stimulation of the brain is essentially reversi- 
, but its effects may last a long time. And if it were 
to reinforce certain kinds of learning, its results 
ight never be unlearned. However, the most irreversible 


sion: especially by school boards and parents. There 20 


ak: 
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changes of all are clearly those resulting from the surgice 1 
destruction of part of one’s brain. F 
2. How would it affect the individual’s identity? At first” 
glance, invading the brain with implanted electrodes seems 
one of the worst possible threats to one’s identity. But mf 
would an epileptic really be better off with repeated, ine 
capacitating epileptic fits than with a painless brain im- 
plant that stopped such seizures before they started? The — 
fits might be a far greater threat to his true identity. (And — 
if neither alternative seemed bearable, would it be prefer- a 
able to split his corpus callosum and have him acquire, in 
effect, two separate identities?) 
On the other hand, implants designed to change a per= 
son’s behavior, to reward or. punish certain states of mind — 
selectively, would totally destroy his autonomy. So would © 
drugs administered to a person just to make him more © 
manageable. a 
3. How would it affect civil liberties? This involves find- — 
ing out which groups would be the most fikely targets of — 
the proposed treatment, and why. 4 
' 4, What might be its unintended effects? This is perhaps — 
the most difficult question of all. Brain-changing tech- 
niques lend themselves to the most unlikely uses. In France, — 
where generations of peasant women have painstakingly — 
force-fed geese by hand (to fatten their livers for good ~ 
foie gras), surgeons have begun to take over the job, per-— 
forming a delicate operation on the animals’ hypothalamus — 
to knock out their centers of satiety. This makes the geese | 
eat incessantly—as if of their own free will—damaging — 
their insides and consuming almost as much as when they | 
were stuffed by hand. To top it all, a drug company is — 
now developing a chemical that could be injected directly 
into the animals’ brains to produce the same effect in only 
a few minutes, at negligible cost. . 
There is something particularly revolting about these — 
self-stuffing geese. Surely the American scientists who in- 
vestigated the brain mechanisms responsible for appetite — 
and satiety could not foresee such applications of their 
work. It makes one wonder how our own brains may be 
changed someday, and for whose benefit. What may all — 

this research do to human beings—inadvertently? 
The brain scientists themselves are worried about this, — 
There has been much soul-searching in the big universities 
: sig 


Re 
: 


yut the ethics of their work. There is talk of call- = 


€ is a movement for the adoption of a new Hippo- _ 
ic oath for the life sciences. For the past decade, stu- _ 


‘such as physics, in the belief, as MIT’s Professor Hans- 
Lukas Teuber puts it, that “this is still one area to which 
geovle can turn when they don’t want to build weapons.” 
But after some exposure to the research now going on, 
‘some of the best young scientists begin to have doubts: 
Pa suspect that this, too, might be used for evil ends. A 


ate for all workers in this field, Dr. Teuber has proposed 
_ that young brain scientists, like young physicians, be re- 
quired to swear that they will never participate in any proj- 
t that might be hartnful to men. 

Good intentions alone are not enough to guard against — 
unintended results of their work, however. Probably 

le of widely differing backgrounds, including 

omists, philosophers, and practical politicians, would 

_a better position to foresee such consequences than 

brain scientists, What is needed, then, is some sort of 

chdog committee that would alert the public to pos- — 
applications of the new findings as they appear, and a 
amework through which the nation can reach wise deci- 
sions on what to allow and what to stop. It is essential 


chnology make the procedures so easy that almost 
one can.use them. 
Experts are “notorious order-takers,” charges Berkeley’s 
essor David Krech. They can provide facts, but not 
sions. Like an ancient prophet, he urges us to prepare 
prepare to deal with the difficult moral issues that face 
day, and those that will arise in the future. Even the 
of brain transplants, which seemed utterly improbable 
lew years ago, is beginning to sound more feasible every — 
he says; “we may yet live to see it.” The question 


“We all suffer from a lack of imagination,” Krech 
“I try to be as far out. as I can, but I always fall 


‘moratorium on certain kinds of brain research. _ 


s have flocked into the neurosciences from other fields _ 


lew drop out or become militants. To create a better cli- _ 


‘such a framework be developed before new advances 
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There can be no moratorium on brain research. It must 


go on, not only for practical reasons—it would be impos- 
sible to stop it throughout the world—or for the gains that 


may be expected from it, but because it allows some of — 
man’s essential mysteries, such as the relationship between ~ 


mind and body, to be studied scientifically for the first 
time. 

Why can some critically ill persons apparently postpone 
the date of their own deaths until they have witnessed 
some event that is very important to them? Why do 
women who had been unable to conceive for years so of- 


ten become pregnant shortly after they have adopted a~ 


child? Scientists can now investigate such phenomena, 


i 


which may be linked to the production of various hor- 


mones in the brain. Even the pituitary, the body’s “master 
gland,” must take orders from the hypothalamus. Various | 


_ releasing hormones produced by the hypothalamus thus — 
control growth, ovulation, the manufacture of sperm, and — 


one’s reaction to stress. Once these hormones are better 
understood, it will be possible to see how an idea or an 


emotion (é.g., faith, joy, or fear) can change the brain’s — 


chemistry and thus affect the body’s health. 
As the life sciences increasingly focus on the brain, 
scientists are becoming more aware of the importance of 


ND Pt et ak 


purely psychological factors. Man’s vulnerability to disease — 
can sometimes be traced to specific brain mechanisms, and — 
many intricate patterns of feedback are being uncovered. 

At Rockefeller University, Dr. Jay Weiss has shown — 
how uncertainty, helplessness, and fear lead to the de-— 
velopment of stomach ulcers in rats that have been subject-_ 
ed to electric shocks, while the same shocks do little or 
‘no damage to rats that are in a different frame of mind. — 
His two sets of rats had identical electrodes wired in series — 
on their tails, so that each received exactly the same pain- 
ful electric shocks. But one partner in each set was kept 


ignorant of when the shocks were coming, while the other — 


either received a signal of the impending shock or was 


: 


given a chance to turn it off by pushing a lever. The igno- 
rant and helpless rats lost weight, developed a high level- 
of stress hormones in their blood, showed a low level of © 


norepinephrine in their’ brains, and soon a great many of 


them had ulcers. The rats that knew what to expect re- 
mained fairly healthy. However, the rats that had a. 
chance to turn off the shocks did even better: in addition 


their brains, which probably indicated a mood of — 
. “It is even conceivable that people need the 
of successfully solving problems in order to 2 
i H happy mood, * suggests Dr. Neal Miller, in 


ue a one’s efforts may bring illness, as further ex- — 
entation showed. When the rats found their tasks so 


On the other hand, if the experimenter sounded a — 
r every time the rats performed correctly, thus con- _ 
i their good judgment as well as their safety, the — 
; became even healthier than before. oa 
hilosophers used to ask, “What is matter?” and reply 
, “Never mind.” Psychologists asked, “What is — 
-and replied, quite seriously, “It doesn’t matter.” 

e brain scientists are studying both mind and mat- 
yether. They see that changes in a newborn rat’s ex- 
mces can alter the size and chemistry of its brain, — 
various chemicals can affect its memory. Voluntary . 
of one’s heart rate or blood pressure can produce — 
es in the electrical activity of one’s brain, while elec- 
timulation of the brain through electrodes can pro- 
pain or pleasure. It is all leading to a new view of 
nd for the first time, “mental” therapies are begin- 

ig to make sense to hard-nosed scientists, At the same 

e, psychotherapists: are looking at drug treatment with 


anor 


ies, our anxieties, and our reveries. They are explor- _ 
e differing qualities of our two cerebral hemispheres. 
ire studying the formation of our intentions and 
Soon they will be able to study our emotions. Next 
m [eee to padesstand the greatest mystery of all: 


So y a acieritist of genius will put all the pieces to- 


aes 


her and form a coherent A glib of the brain. The tech- 


x 
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nology is growing rapidly, some tentative links are already 
being formed between disparate findings, and, around the © 
year 2000, perhaps, the research findings will reach a criti- 
cal mass. At that point, there will be an explosion of 
knowledge ‘as startling as that-of the first atomic bomb. 

Man’s’ most private, most treasured possession—his — 
brain—will lie exposed to public view. People will become — 
powerful. and vulnerable as never before. The issue of — 
brain control will loom over them as ominously as that of © 
atomic power hovers over us. What they make of it— 
whether their new power serves or destroys them—will 
depend to a large extent on what guidelines we set, and 
whether we keep a close watch on what the brain chang- — 
ers are doing today. : 
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